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BUMMAILY

CFiberglasssreinforced plastio was first used as & laminated
wood reintorcement tor a primarvy structural rotor blade appli=
cihtion in & helicoptor development program in 19H0, Hince
thint time, the use of filbherglass cloth and ortented glass
fibers oy primary structures has dnorvased at a rapid rate
wud hies culdminated o the development of an all=fiberg lans
rotor blade of superior performance,

Thisw report s a compllation and analysin of significant test
data obtained in the evaluation of the alls, lass rotor blade,
Included are the associated areas of the dovelopnent of glass
fiber control tubing, the use of glass reintforcement for the
"Woto=prop"” (rotor=propeller) on a4 VYV LTOL alreratt, the
clastic hinge study sugpgesting & maintenances={ree tatl retor,
and the effects of weathering upen glass blade propertiosn and
mbtrueture,




CONCLUN 10N

Results of the developments and tests reported herein offer

conclusive evidence an Lo the superior structural integrity

and fatigue resistince of a properly designed and fabricated
Mll=glans fiber hellcopter maln rotor blade,

Limited investigations indicate;

Lo achievement of allewenther, alleclimate capability
and the complete elimination of serious moli ture
eflecin nuch As corvosion,

d, mignificantly greater number o flight hours between

overhaul periods because of improved blade 1ite,

v outetanding structural integrity after damage from

rmil l=nrme fire,

4, elimination of defective finish problem by the nature
of the all=fiberglasn construction,

H, mubstantial reduction of manufacturing costs,

6, reproduciblility of dimension and physical property
offering individunlly interchangeable bliades,

(. Kreater resistance to handling damage, and simplicity
of repalr, 1 required,

H, Nreater vasne of itnepection, suggesting optimum fleld
maintainability,

Coneluded, from the associated test programs, is the feanibii«
Lty of achieving glass fiber control tubes with strength and
fatigue properties equal to or greater than standard aireratt
specifiontion steol tubing, and appreciating & welght reducs
tion with corresponding dynamic load tmprovements,

Obvious from these efforts is the expansion to tnclude larger
shaftn where welght and corrosion factors are tmportant, as
woell Aan bamie sirength,

From limited testing and stress analysis, Lt is concluded that
an elastic hinged structure (no bearings), such as A4 twos
bladed, onesplece tall rotor, can be developed which will give
malntenancesfroe nervice,

It An Interesting that the torsional shear strength (porpendicos
wlar to the strands) of ortented unldivectional fibers in this
configuration was found by test to be al least six timos
greater than the published interlaminar shear data used 'n the
original design critertn for the vame material, It can be
expecied, therefore, that higher torsional shear allowables

can be conservatively used to predict substantial galns in

Life expectancy for thin type of application,



UECOMMENDATIONS

In view of the outstanding developments accomplished Lhiraugh
the we of fiberglass=reinforced plastiosn, 1t s recomnended
thiat the advancement of the stato of the art with respect to
helicopter dynanie components be continued,

This is deemod paramount not only because of the propevtlos
steongth and fatigue qualities of the materinl and the u
mate ceonomle savings to he vealigod thirough redoocd wn
turing coste, longer mervice lile, and avatlubiisity o
noheritical matordnl; but also because of the mat:  ial
ledge to be derived from structures that are suby ot 1 iy
combinations ol wtress loadings,

Acquisition of such knowledge would find application in man:
ather major design Fiolds,

Continuance of the all=glass blade program s recommended Lo
Kather quantitien of Flight steadn and fatigue dats to sube
stantiate Conplotely and statistioally the strength Amproves
ments here reported and to support the benefits perceivod by
Limited dtnvestigations,

The present state of the art will now support fullescale
exploratory development needed for highs=strength, lowswelght,
malhtenanceostree alroratt landing=genr uystoms, The elastie
ortented unidirectionnl members of an allsglaps=tibor mono=
Hthiesconstructed landing gonr would reduce the shock (rgnse
missibility into the fuselage without the need for added shook
abrorbers, The resilient and durable materinl can be readily
shaped, cun house electronie antennse, and can oliminate pros
truding joint weldments, vivets or bolts, thereby ecosomicnlly
redueing the common drag effects of metallic gear, It is
recomssaded that  his type of system be doveloped for moeting
the needod landing gear requiremonts,

Further, 1t is recommended that a program of study on glasss
tiber=oriented control tubes and shafte be encouraged, Here,
Agadn, the strength and fatigue qualitios ave outstanding, but
other properties such as nONCOrrosivencss, nonmagnotism,
Lightness of welght, and noteh insenslitivity are not to be
overlooked, Such properties would manifest themselves logiss
theally, particularly in welghtssonsitive alrborne applicas=
tionws,

Recommended , also, I8 a complete study of the elastic propers
tlen of unidirectional laminates as indicated by the solutton
of the hinged tall rotor, Along with the fundamental practical



concept of a malntenances=tree, long=service=life systoem, Is
the contribution of filling in the vold now found concerning
torsional shear data for directed glass tibors, As pointed
out in this report, the torsicnal shear strength can oxcend
the published interlamjnar shear strength by at loast six to
one, Quantitative testing ix requiied to substantinte thene
results, which ean then be utilized by creative desighers und
slross analysts,



INTRODUCTTON
In 1060, Kamian Adreratt Corporation wits exporiencing & strucs
tural problen with the rotor blade for a newer more powerful
model helicopter, Thin blade wan basically of wood construcs
tion and, due to the heavy lorces acking upon at, wias subject
to limited fatigue 1ife, AL this time the attractive propers
ties and chavacteristics of fiberglass=reinforced plastios
appeared to lend a solution to the iator blade problem, and
ptructures made from such materinls wore tested as compatible
o nded retnforcements to the wood structure,

The results were excollont, and since then fiberglass hiae bheen
Ancorporited in omiany ol kanan designs requiving high=strengths
toswelght ratios and adequinte tatigue Lite,

In addition to the demanding structursl requirenvnts and
becAuse of the basic simplicity of fabrvication, fiberglass in
used 1n many nonstructural areas such as engine nacelle talr=
ings, adlr anlet ducta, drive chatt and pylon fairings, instrus
ment panel shiold, cabin heateor ducte, stabilizers, and many

others,

On the Kaman Model HH=AUN, approxinately 2 percent ot the
hellcopter's empty welght s wade up of fiberglass, In the
latoer UN=dA model, the usage of fiberglass increased to
pocount for nearly o percent of the helicopter's welght,

This report ie & compilation and analysis of the most swignifis
cant test data and results of the usage of fiberglass=reins
forced plastion at Kaasn Alrervatt Corporation as they were
developed in time to jJustify or substaniiate the use of the
materials for thelr applications in the alroratt,



BECTION 1
MATERIALS LARORATORY INVESTIOATIONS

Parallel with the design studies and the testing of fullsscnle
parts (Test and Development Hection), the Materinls Enginoeis
tng Laboratory performs testing of small specimens in accords
Ance with Federal testing standarvds and company specifleations,

Because of the physioal property changes of fiberglass=relns
forced plastic with various resine, resin content, laminating
pressures and temperatures, post curing, flber ortentation,
ete,, the Material knglneering Laboratory fabricates sampler
with the various parametors to optimlge the part for Lis
Intended application,

In addition, the Laboratory analyces fallures of tested parts
to determine cause and quality and evaluntes pacts fabricated
by other manufacturers,

This section reporis some of the results on toplos such as
tabulations of o comparison of several FIP tubes and rods;
physical propertios, post cure effects, and water absorption
effects on FIP laminaten of polyester, phenolic, and epoxy
resin systoms; and studies of tenslle specisen configurations,

A;. CONTROL TURKS OF FINKROLANE=NEINFOKCED PLASTIC

T st

Btatemont of Problon
Kaman Alreraft Corporation, since dts Inception, has been
Associnted with the use of primary structure reciprocating
control components operating tn high centrifugal flelas,
Htandard hardware has been steel tubing with welded onds
fittings, and this has performed satisfactorily, However, 1f
lighter welght tubing cou.d be realized, the associated load
and endurance improvement would be most benefloinl,

With the appreciation for the need to develop high=endurance,
unfdirectional, fiberglass-reinforced plastic tublng, Kaman
solicited for the proourcment f tublng to test and evaluate,
The request stressed such considerations as the lmportance of
wmooth alignment of the longltudinal fiber stock, the manda-
tory external tube wrap for fiber htndtng and souff protecs
tion, and the option of internal wraps 1f required by fabri-
cation process, Figure I1«Al is a skotech of the suggested
tube cross section,



bencription of Hpecimens

Two companies responded to the solicitation with samples of
tubldng,  Flgure 1=A2 1s n skotch of the sample from, let us
By, Brand "4 and Figure I=Al s & sketeh and photograph of
the oroms section of tubing received from the Nrand "Y' Coms
pany .,

Altheugh they were not made to Kaman speciflications, two other
commercinl specimens were tested as side tnterests,  They were
W wolid rod of wrapped fiberglass cloth and a sample of press
Bure tubling, that s, tublng possessing strength against
bursting ftrom internil pressure,

ALl four samples were epoxy resin systems, The Brand "y"
tube was fabricated from Minnesots Mioing and Manufacturing
Company 's "Beotehply” with & thin serim ¢loth backing,

The resultu of the tensile testing of the feow specimens iw
thbulated 1, fable 1=A,




= 14 iR, o

/mru of laminated

.‘ ¥
040 0,004 unidirectionnl
longt tudinihl unwoven
. '. ‘ 't v M

Area = 0040 tu.u

. outer cloth wrap
cloth wrap .~ ~(,007" max,)

(,007" max,)

Figure 1«Al, Buggested Control T™ube Design

longitudinal unidi=
rectionnl glass fibers

cloth wrap
Figure 1«A2, hrand "2" Control Tube
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sorim cloth longi tudinal

unidirectional
Klass filbhorws

Figure 1=Ad, bhrand "Y" Control Tube

Wall section magnified 100 timos



it ide
Diameter (in,)

wWall (in,)

Crosg Section Area

(in, ")

Unit welght b )
Denmigy (1bhs/cu,in,)
Rewin Content ()

Falling loads(lhn,)

Tenstle Ltrongth (puid

bpectific btrength
( Pl )
(Ibs/cu,in,)

'Specinen
No.

Table 1-A
TABLE OF TURE AND HOD PROPENTEEG

Comm'l,
Mo
o L

411
078
LO84
" 'J . ”
1,440
4,480
4,100
40,000
A, 000
U, 00
740,000

(10, 000
180, 000

Comm'l,
Tubing
40

00

LY
044
L Onb
47,0
1,700
1,070
1,000
Ly, 600
L7, 000
0o, 100
KUK, 000

HOH , 000
whl, 000

Hrand '/

Tubing

g oD

L0

NIRIT
NIFE
I
df . 7

' ' """
1,600

Ho L 000
hid, 200

10, 000
187,000

Urand "Yy"
?uh{ng1

e

L4l
L0411

NINE!

JORY

073

M I
8,020
4,000

-

4, hoo
Wi, 100

1,170,000
1,104,000

4140 HTL,
Tubdng

4580

00D

' 020
RIETE |
, 400

2,440

06, 000

447, 600

“ .-
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Table I=A compares the four fiborglass specimens with alroratt

ppecification steel tubling, From the given section properties

and welghts, an interesting transtormation is made In converts

ing the tensile strength into a npecific strength or strength/

wolght parameter, On a specifie strength basis, 1L I8 Immed)s

ately evident that each of the glass fiber products is superior
to the mteel tubling,

The commercial rod, constructed of high resin content and woven
cloth 1n which one=half of the glass fibers are oriented pers
pondicular to the axial load, oxcecds the steel value by a
factor of two,

The commercinl tubing wias 44 times stronger than the wtoeel
tube, The good tensile characteristios are probably attribe-
uted to excellent quality control in ftabrication for itws
intended purpose of burst strength, The lower resin content
indicaten good use of glass stock for statlic strength,

The more sophisticated tube, Brand "Y', wan fabricated very
closely to Kaman recommendations and is shown to oxceed the
ppecific strength of the steel tube by nearly U8 times, It
e interesting that this value can be expected to substans
tinlly increase in view of the nonclassic fallure of the test
specimen, The premature fallure occurved as longitudinal
peparations of the fibers, 1t has boen the experience al
Kaman that stabilization of the glass fibers within the unit
structure will result tn 8 substantial increase o stiength,

On the other hand, wisuse of glaws fibers can result in @
substantial reduction of expected strength, as evidenced by
the Brand "Z4" tube, which had the same matorial systom as
Brand "Y", Visible to the paked oye was the ragged construcs
tion and disregard for smooth alignment of the fiber stock in
this mpecimen, Although even this poorly fabricated plece
Wikl Buperior to the steel on a strength=to=welght basis, the
dravtic strength reduction penalty for inefficient use of
glasw=reinforced plagtics shows clearly the importance of
deslgn knowledyge, quality control, and reliabtlity of those
engaged tn fabrieating primary structures from glass and
plastic materiale,

Immediate priovity demands preciude turther development at
this time; however, it s concluded that stabilization of
tube fiber structure can be achieved with mipnor modification
of the Brand "Y' fabricating technigue, The results in
ptrength and fatigue properties superior to the aireraft

1



specification steel tubing and a welght reduction with corross
ponding dynamic load improvemente,

D POLYRGTEN LANINATES

Htatement of Problem

Because of the relaxed demand for steength propertios in nons
structural applications such as cortaln falrings, duots, piane s,
And others, Kaman Alrvoraft Corporation tory the most part uses
the lower' comt polyester resin systoms in such casens, Althouph
not eritical prime structures, these parts still demand relis
Ability in environmental usage,  In this regard, the Kaman
Material Engineering baborastory carvies on tests to evilub be
these systems and to determine the effects of resin contoent,
laminating pressures and temperatures, post curing, eto,

Description of Parts

B ot

All test methods and specimens described heroin Are in cons
formance with Federal and/or militavy testing standunrds,

Physical Properties
Table 1«0l compares five diflerent polyoster rosine,

The resins wore

Laminac 4110 manufactured by American Cyanamid Corp,
Laminac 4110 manutactured by American Cyanamid Corp,
Laminac 414 manufactured by American Cyanamid Corp,

HBelectron HOOH manutactured by Pittsburgh Plate Glass Co,
Polylite KOOO manulactured by Keichold Chemioals Corp,

The specimens were made of 14 plies of No, I8l fiberglass cloth
impregnated with the resin, benzoyl peroxide, and Promoter 400
A proportion of 100«d=] parts by welght ruupuvtLVply. They
were cured in a press for one hour at 180V ¥,, and the thicks
ness wias controlled by placing shime between the press heads,

It iw noted by the tabulation (Table 1«Bl) that the tensile
and flexural strengths of all the specimens are relatively
close to each other and substantinlly above the MILs=i=7H76A
minimum standardes, The significantly controlled thicknoss and
resulting uniformity of resin content in all systems can be
noted,

It 48 concluded that in the manufacture of fiberglass poly-
ester nysntems when reputable products are used, maxinum



strongth can be achieved by a process of quality control of
tho resin content through proper pressure application and curs
Ing temperature,

Wt fect of Varying Pomteuring Cyclos

Table 1«04 shows the resulte of four posteuring cyclow on | d=
Py laminates of Ko, 1IM] fiherslass cloth, Bince the values
obtained are conparable to one another and in all casen exceed
the ndntmun vrequirencnts of the military spes ifleatione, 1t s
concluded that any ol these eycles miy be employed in the pio=
duotion of polyester lawinations, However, care should be
obseeved in the long=poriod roow temperature postoure to
AEEUre an anblent temperature ol 70V §,

1



1 4

Polyester
Laminao 4110

laminao 41140

Laminao 41398

soleotron
8003

Polylite
NOOO

MIL=R=7NH7DA
NOTKI

Specimen

e miDerr QRN = AR A0 & o

Sanber
- Bockeell™~

114

118

114

14

ne

L e, At INOO p,

124

RYR

. ‘2“

144

Mix and Cure Cycle « ldeply
Nomin = 100 (Partm by wt,),

TADLE 1=b)
PHYSICAL PROPKRTIKS OF POLYKNTER YINKROLANN=RKINYORCKD PLAMTIC LAMINATEY

37,4

W74

47,3

Jo. 8

1,800

1,440

1.H1N

L HY

1,400

61,300

80,800
08,400
84,000
61,000

00,000
80,800
80,000
47,300

07,900
40, 600
49, 400
04,200
B, 900
H4, 100
Da, HOO
84, 200

40, 000

J, 00
J.d4
¢, 00
J.00

J. 40
J. 11
I [
HIN Y
HIPHE |
0,44
Je
W.d4

E
78,9000
80, 800

ul,400

80,000
78,300
77,000
70,800

70, 600
17,400
76,400
74,800

77,400
74,000
74,000
7,700
(4, 400
N, HOO
70,300
0,700

b0, 000

{Hl)

No, 8L Fiberglams cloth tmpregnntod with,
Promoter 400 = |

DBonvoyl Peroxid:

- d,

‘Flemmaral
PS))

Q

J. 10
J.10
J. a8
.30
3,01
4.88
4,03
4,07
4.0
4,00
4,07
4,00
KA
3,00
J.08
J,08

4,70
4,80
4.4
.70

4,00



Table 1=)4
POSTCULRK KFEECT ON POLYENTEIR LAMLYAT)S

¢ Tonwile Tonuile Flexural  Floxural
Powtoure Bpovi=  Ntrongth Mou”l itrength Muda! harcol
Cyole men No, (P8I) (107 PRL)  (Psl) (107 PR1)  Hwrdnons
J weoks u 1 47,100 Jo1b
room tomp. é 49,000 a.07
3 G4, 100 IR )
4 (o, 100 d,04 4
Jl lmuru W ) 0,200 4,00
o¢ P 42,700 4,00
H| 70,700 4,74 (1)
4 77,000 o ld 11,1
x! aouu v l 43,700 DN
0 ] 44,300 d.id
) 74, 600 d.04 1]4)
4 04, 100 4,00 e
1 hgur @ } 48, 400 J,40
180° ¥, é bl,000 K]
) a6, 100 4.00 07
4 71,100 2,00 (1T
MIL=R=T870N 40,000 8o, 000 4,00 HYo)

¢ Bpocimenan: 13=-ply No, 181 Fiberglans Cloth impregnated with:

laminao 4116 - 100 l‘urtu by Wutum
Nensoyl Poroxide = 4
Promoter 400 - 4 " it "

Bamic oure at room tomperatulv




bocondary Bonded Polyestor Joints

Many designe of fiberglass laminations, out of necessity, must
be fabricated by the secopndary bonding of structurves, To
ensure the integrity of the joint, 1t s imperative to use cons
patible materiale and proper technique, 1t hias been the expors
lence At kitman that cpoxy systens are stronger and more compints
ible to most materinls than are the polyester snystemns, Table
I=hi de a tabluation of block shear strongth tor secondary
bonded polyester joints, To ensure compatibility, the same
resin systen was used in the cured laminate as used in the
Juint, with the exception of the addition of an inert filloy
(CAR=O=81L = & silica flour) to the joint resin mixture, The
results show general lowsstrength shear values, Although the
resin supported with a cheosecloth spReer was superior to the
Jodnte not using the cheesecloth, the average strength still
foll under the 2,400 pel minimum of the Kaman Specification,

16
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Parts by Welpht
Livminae 4114
Heneoyl Poroxide
Promoter 400
Cabi=O=H11

Laminace 4110
Henzoy l Peroxide
Promoter 400
Cab=0O=b11

Laminac 41140
Hengoyl Poroxide
Promotey 400
CabeOsiil

Laminae 4116
Hengoy l Peroxide
Promoter 400
Cab=Osf11

Laaminne 4114
Mok Poroxtide
Promoter 400
Cab=O=t11
Laminne 4116
HAZ0H0 Veroxidoe
Promoter 400
Cab=0O=811

| @
| |
| | J
- 1001 3
- ! Aub) di
- g |
- 8 |
- 1001 9
- o 1714  1unl
- g
£ )
- il K’ ‘ :'
- 8 | O 5 $1d
- i
- 5 (
« OO0 | 3
- a il sl
- 1 14 | 1081 Hhi
- )
- 100 3
B 4 | Ml Hiu
- |
« I8
« 100 I3
- '] 1600 1983
- |

Table 1=l
HLOCK BHEAR STHENGTH OF SKCONDARY HONDED POLYESTERR JOINTH

atilh

iy ¥
aa il

IR

i

1700

Jdun

P B L)

10046

a7

(AR

i

Liod

i

Anu

HHNKO

nin

N40

IRAIN]

1200

17440

Bhenr Htvength Value
Bpecimen Nunhoep
L i H i

RYTTH Jdu 464 400

2308  18by 481h 4860

100 i1 Mo Hlo

JOMI LUK LN P

1143 LN Hli 700

166 ladd 1230 1410

Lo KO0 1KO0 1460

(Ful)

10

111

2100

1O

700

1000

(LN

Aver,

J2

2204

060

van

HHH

1074

1401



lable 1=ld (Cont'da,)

BIAAK SHEAR BTRENGTH OF SECONDARY BONDED POLYESTEK JOINTSH

| ol |
PArts by Welght Il 1 4 3 A -a
Laminae 411G 100 @ |
Hongoyl Peroxide 41 | 4%6 Bit) HO0 1100 208

Promoter 400 - 1
Glass Flock -

Bhear Strongth value (Psl)
Bpecimen Nunber

u / " Y 8] Aver,

746 11406 D 743 YN IR

(10=Ply, No, 18] Fiberglans Cloth = Polyestor Laninates Fully Cured)

(Becondary bBond Cured for L4 Hours at 1409 )

Note: | = Without Cheesecloth spacer « Hand Pressure

4 = With Cheesecloth spacer = Honding Pressure « 10 1l
Jo= Without Cheosecloth spacer = Honding Pressare = 40 bl

d = NHepeated run
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¢,  PHENOLIC LAMINATER

In some applications, 1t is desirviable or necessary to use fibhers
glass preimpregnated with the rosin syvetemn, Phoenolic vesins are
found to lend themselves woll to this type of application,

FM=47 (Hloomingdanle Hubber Comphny, Aberdecn, Yaryland) s an
wpprovegd phenolic used in some Kaman designes,  Of particular
intorost s the Kaman application and dts oftect upon the

design strength of the structure,

Bpecifioally, in the fabrication of thinsskinned structures,
such as A mingle ply of No, Lu)l fiberglass cloth or a double
ply of No, 120 cloth, Fedoral mindunum s tandards in most
Instances arev greater than the tested values from those BPOC L=
mens, Thiw is probably due to local imperfections tn the ecloth
which are not supported by the suvvounding ftibers as in nulti=
ply laminates, Table 1«C] shows the reduced values of tensile
strength for the thin specimens and also the BUperior valuew
for a li=ply specimen made by the same personnel using the

BRine oqulpnent,

Table 1-C2 indicaten the loss of tonsile and tlexural propors
ties when the part is overcured, This overcuving s visually
evident by a davkening of the vesin and would be cause for
rejection Af obuerved on any manulactured pare,

Table 1«CH shows a compariscn ol the FM«d?7 phonolic profupregs
niated resin system and the wot lays=up cpoxy system using i
"standard" resin mixture ot

SHELL CHEMICAL CO, Nesin kpon 820 = 100 parts/wigt,
Versamid 1206 w 30 i 4
DTA (Diethylenctriamine) = 0 1 i

It is observed that

le The physical proporvtien of the two systems are equal when
the resin content ol the systems s noarly equal and
within the optinum vange,

4. With optimum resin content, the thickness of No, 120 ¢lann
fabric in a cured laminate is ,0030 to ,0007 inch per ply,

Jo Fabricating pressures over 50 psi have Mittl s effect on a
laminate of Ne, 120 glaws fabric impeegnated with Mi=47,

4, Boewin content tn the Fli=47 laminate must be controlled in

the protmpregnated state since no "Rquoeze=oyut'" of resin
i oxperienced during cure up to 100 pwi pressure,

1
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Tuble 1=}
PHYNTCAL PRHOPENRTEL OF b, FAYENATLL CEheno b o)

f
b

a :“ 4 = = 4 »
¥ Y W ov b s ‘1 - ' "‘
(S T (8] vt 0 rq -'i A 4 ' £ 3
" }iu , ’I t‘: 'Y "o o ! i B =
! / L Y] W [T BN [T
8 oad g Ten A e A
Doscriptlon Cue Aol BE 8 mlhE e m rus "
No, Nl (l=ply) PFN-47? (Clamped) | SOl dh,oun |, en
Protmprognn ted 4 SO I, non
! NIRRT b, 0o
No, INL (l=ply) ¥FM=4Y dh min, | Ol A000 0 ) hn
Proetmpregnn ted TR BN NI SR Ol da, ban
(100 Py
No, 120 (d=ply) FM-4/ I min, l 0 AML 000
Proetmprogna ted o anhe L0/ A, 100
(hor Pl N} Lo Q000
No, 140 (d=ply) FM=47 Ah min, ! Sy A, o000 Y
Pretmpregna tod T N T AL Ny 41, von
(100 ) iy do, 000
No, 140 (R=ply) KM=/ 4D min, ! , OOf) A, oo gt
Protmpregna ted AN NTOLLE S LO0p WL 000
(HO by - i NITY) e,

Flutd
Prommaire)

No, I8 (L0=Ply) IFM=47 1 e, st 1 Lo W a b 000 on n7, 000 2,02

Proeimprogna tod N TTALEN U 4 | A0, 000 0,00 10, 400 d.07
(longl tudinal) (,1dh" I A, 200 0,1 w100 .07
Shimmed 4 | dh, 00 0o oh, 000 2.47

Pronn) H Lo de, oo 40

(B ]



Table 1«C1 (Cont'da,)

PHYS TCAL PROPERTIES OF F, 0,0, LAMINATES (Phenolic)

§ aw o3 valn R8 riy
h ]~ @ b -0 ¢ & 44
B .ﬁtl kY -~ ol a ga» -
odi 2% 5 §iF 01 itR B
Description Cure W o év e mo- gle La% e fe
No, 181 (1d=ply) FM=47 1 Hr, at 1 1,141 38,7 45,700 3., G, 100 2,70
Protmprognated 3400 p, 4 | 4,250 .79 0, 000 2.73
(Transverse) g | 47,700 d. 70 10,000 2.80
A 40, Hoo 2.00 /1, 100 2.77

D | ..i41 41,000 d. M8
(lLongitudinal) 1 By A% 1 1..348 38,1 B0.000 $.78 U, 700 2. 54
330° », 4 44,700 d.0h G, hoo 2 B85
(100 P81) O | A o .07 GUh, Hoo a.04
41 | 143 OO, 0o 9,44 (0,000 2,4
(Longitudinal) 1 Heo AL 1 {140 30,0 45,000 a.80 i, 400 d.40
380" ¥, 5 81,100 2,44 au, 600 2,4)
(70 Pul) Jg | § 47,000 9,18 (Wi, 700 2,4)
4 | ' ull, oo .08 G, R0 .41

6 |.14H 14, 400 g.00

MIL=N=7878 for both No, 120 and No, 181 Fabrice and Phenolic Hesin 8,000



Denceipi. o

No, 139 Glanw
Fabrice ¥FM=47
Profmprogna ted

PUYSICAL PROPERTIES OF b 0P,

Cuve
TP

(i o

HOO
Cure

¥, Normal

Jow Prown,

ox toendod
law Provn,

Tuble 1-Cd

Spocinoen
Number

l

'
A

—

Tommile
Strength
(Pu1)

4H, 00
41, 400
24, 400

d1, 000
4.4, 000

Tonntle
Mmthm
(1Y pNp)

4.0
2.01
J.00

.10
2.02

LAMINATTES (Phonodie)

Floexural
Strength
('st1)

{4,000
t, 000

40, 0o
41,000

U bexural
Mody Lun
(1ol )

AR 1L

bl

1 KM
1, N0
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Depcription

No, 120 Glans
Fabric (1H=ply)

FM=AT Proimproyg-

nated

Tahle 1-C4

PHYSTCAL PROPERTIES OF F, 1P, LAMINATES (Phenolic)

i
i
¥

g L

H

(Inch)

i

L On7

LY

0K
L 0N

LONG

LORB

L ORY
L ORY

067

|
I.un?

=
-

Besin
Content

46,4

46,0

a4, 0

trength

epsiie
(PS1)Y

-
-
~

-

46, K00
40,100
AN 700
42,700

A6, 100
47,000

44, K00
47,900
41,600
4K, 100

50, 400
50, 400

06, oo
A0, 600
f, KOO
Ha, 000
OH L 000

(10" PS1)

Tencile
vodulus

2.0l
L
2,78
L

a,07
:‘ . 2“

2.0
4,00
.74
2.8

4.8
2,09

a2
a4, 20
4,62
4.60
A.69

Strength

Flexural
{PS1)

e 100
0, 200
K, 100
65,100

07, 000
i, 200

41,800
04,000
Ui, 700
(5, 400

61,400
i, 100

KO, KOO
74,700
N2, 200

(10°® psI)

Flexural

“wocdulus

.08
2,78
2,04
2,64

a,b7
3.“"

2,45
4,67
2,01
2.4

4,04
2.61

- P05
3.14
9,08



Table I=CH (Cont'd,)
PHYSICAL PROPERTIES OF F,.0, P, LAVYINATES (Phenolico)

F

n -~ .
§| o o3 oo i ®ao
| gih@ i~ o & ~ b - 3 A VR VRS
g | (88 82 gl ize  KP5 el
| o §éﬁ "ﬁ “.g' a::w g};ﬁ icﬂ{‘ .3}3%
Dewo 'l‘p"“,“ 3 114 , E - ’h—\' C,J', ’N A - (= £ (T : b B W
, i .
No, 120 Glass | 4 | I 088 43.0 44, 400 4,00 4, 100 .41
Fabric (1H«ply) P Ah, 100 4,00 (6, 000 2,062
Lpon H20 « ] A, 660 d4,00
Versamid 1 % JH L 000 4,71
1 28«DTA £ | 083 Ah, 100 .74
100 « 10 =« @ ;
(Parts by g
Wolpght) |
Wet Lay=up
| | 086 07,4 51,100 g, 28 V7,100 h,07
s 4 Hil, 600 4,21 HOL D00 3,47
| AN, HOO 4.31
i il 67,100 0,00
| i B O Hil, 800 3.30

Note: 1, One Hour at 3409 ¢, « 100 PK]
2, Posteured 20 min, at 3409 p,
He  One Hour at 3309 ¥, « B0 Pyl
A, 1) tour at 100Y ¥, (eated Platens) (Shime Ain Prows)



D, KPOXY LAMINATES

Whoere maximum physical propertion are desirable with wet lay-
up fabrication, cpoxy roning are generally used, Kaman'n
eaporience with epoxy laminates of greater than O plios in
thicknens has repentedly shown quality control laboratory
oxamination which violds streongth values exceoding the 45,000
prd tensdle and GL,000 ped flexural strongth minimums of MIL
ppecifications, For laminates of leswor plies, the Tosul e
are widely seatterod, with a general reduction in strength

v luoen, It is to be noted that this charncteoristic in a4 funcs
thion of the plies and not the thickness of the tabric,

Thiv ply and strength relationship was used in a Kaman dosign
proposal for a small helicopter fuselage where the body skin
witti Lo be made up of a 7«ply lamination of No, 116 ftabric,
(,00b=1nch nominal cloth thickness) in preference to a d=ply
lamination of No, I8l fabric (,010 inch nominal cloth thicks
news),  Hpecimens of both of these lay=ups, with the same
resin systom, were mado and tested for comparison, Strength
vitluos wore obtatned in the longitudinal, transverse, and
biased directions, Table 1<D1 is a tabulation of the resultn,
where At s smeon that the average tension value for the 7=ply
No, L16 fabric laminate iw approximately 20 pevcent higher
than that for the deply No, 141 fabric laminate; yot the e
ply No, 116 laminate iw 008 tnch thinner and approximately
42 percent lighter than the d=ply No, 181 laminate,

In addition to the above specimens which were laminated wih
the wikrp in the wame direction, a S=ply No, 110 laminate waw
made with the warp in the same divection and one was made

with the warp in three directions (inotropic), From cach
laminate, tensile specimens were cut longitudinally, transe
vorsely, and at a biaw with the warp and wore tosted for coms
parison, Typical thin laminate sneatter was observed, with the
only definite indication of lmproved pltrength shown in the
inotrople biased=cut npecimen,

A with other resin systems, the cpoxies are subject Lo onvis
ronmental exposure etffects, To get sone idea as Lo Lhe Mevers=
ity of reduction in tensile properties, lamlnate specimens
wore placed to Kaman's environmental chamber and subjectod to
exposure at 1209 ¥, and 97 percent relative humidity, Table
1«D2 shows 4 tabulation of average steongth values taken from
tost lots of five and compares samples of unexposed specinens
to those under exposurve 1o 7 days and 30 dayw, Alihough
basod upon A relatively small nunber of specimens, the data
obtained roveal an 18 porcent to J6 pescont roduction in
tonstle strength after 7 days exposure and a 4o percent Lo

H7 percent reduction after J0 days under the siame condl tions,
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Although the above results rhow h perioun effeot of environs
mentel motwture or strength, 1t munt be pointed out that the
onvivonmentanl) oxpomiire conditions were aelected to be mevere
Ko WM to accelerate the evaluation, Furthermore, the spec men
had milled edgon with exporned fibors conducive to "wieoking'
pormeability and had no protective coating, The test doom
fndicnte that laminnten need environmental exposure protection,
A do other aireraft matorialn, With oare to avold expomed
fibore and providing normal atroraft finishes and malintenance,
Kaman fiborglamu=lantnatod rotor blade components have expers
fenced service 1ife oxposures exceeding 1000 hours of operating
Lime and, In tontances, have had intermi ttent usage fOor more
thin elght years without evidence of detorioration, Heotion

IV of thin report offers additionn]l data concerning weathors
b offocts upon an alleglann fiber rotor blade,

Whenever possible, Kaman Alroraft evalunton new materials in
the Interest of fabricating produots with fmproved quality,
For oxampleo, Shell Chemfceal Company ‘s "Kpon N30 in a noew
epoxy laminating resin which fn being qualifted to MlL=A=0300
and wan tested for comparinon with Bhel ‘s "Epon K20", which
haw beon Kaman's swtandard epoxy lawinnting regin for room or
Intermediate temperature cure, The vincosnity of Kpon HIU §n
mbout the wame apn that of Epon H20; however, {1t does not con=
thin o reactive diduent an doen kpon Hd0, (The diluent addi-
tive Jlowers the viwcosity but alwo may affect certain phynical
propertion,)

In mixture with the epoxy, "Versamid' polyamide resins (s
General Mille product) are generally used to obtatn & degreo
of toughnens and flexibility in the cured laminate, Versamid
120 haw been the wtandard polyamide modifier uned at Kaman,
in the uncured state, 1t in lens sunceptible to atmosphertice
motnture and tn fanter curing than Vernamid 140, however, the
latter hanw a Jower viwncownity and 8 higher heat dintortion
point,

A norien of tontn were made to ovaluate and compare the above
resmine i the following combinantionm

1, Epon H30 with Versamid 130 = compared to
Kpon 820 with Versamid 120

4, Kpon K26 with Versamid 140 = compared to
Epon H30 with Vorsamid 140

d, Kpon H20 with Vorsamid 126 compared to
Kpon 820 with Versamid 140

I




4.  Epon N20 with Versamid 140 « compared to
Epon H20 with Versamid 140

b,  Epon K20 compared to Epon 30

ALl the above temt laminateon were cured at voom temporature
using Diethylene Triamine (DTA) aw & curlng agont,

The test panels from whioh the mppecimens wore mivde were of 1Y
plion of Type VIIL A (No, 18] = 100) glaws tabric, MiL=C=DON4,
The warp was fn the longltudinal divrection, and the resin cons
tent ranged from S31.8 to 0,0 percent, with an average of 0 L
percent, All wpecimens were made and tested in pccordance
with Federal Test Standard 400, The tinal thickness in the
12=ply lantnates vanged from 0002 to 0000 1nch per ply,

Table 1=D) whows the results of thin testing, with the averayge
viblues obtalned from O wpecimens, While thin wnall number of
upecimons In not enough to give unqualified resultn, 1L does
give an indication of what can be cxpected with optimum rewtin
content and controlled untform thioknepn,

le  Epon HRG with Versamid 140 in O,E0 peorcent mtronger o
flexure than Epon W20 with Versamid 120,  There iw
Little difftorence tn tenwile ntrongth,

4. Epon W26 with Versmamid 140 ix 0,1 percent stronger in
floxure than Kpon H20 with Versamid 140, There iwe
Ittle difference in tenwtile wtrength,

B, Epon B20 with DTA tw 6,7 pervent stronger in flexure
than Epon 820 with DTA, There ts little difterence in
tennile ntrength,

4, There ave no appreciable differencen in room temporne
ture physical propertiesn hetwoen Epon H20 with Versamid
140 and kpon KI0 with Versamid 1407 however, differvoncen
would be eapected at clevated (ompeornturon,

Elevated temperanture, fatigue, and environmentinl tuventiyghe
tionn mhould be conduoted for a more conplete evaluntion ot
those resin compoundnm,

With 1ncreased demands upon heljcopter rotor stracturesn  Keman
Atrceaft wought wolution to many problemn through the upe of
fihorglann, particularly ortented glann fihern, Matorials
wupplted by woveral reputable manufacturers have boon umned
Quite muccesnfully to Kaman fabrieations, and the quality con-
trol specimenn testod ftn conjunction with manufacturing

Jd
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procemmen genernlly exceed, by o substantinl margin, the
requi rements of MIL=P=dbHd42IA (mintmum tenwtle ntrongth =
100,000 pat, mindtmun floxural stropgth = 126,000 pui), MHany,
porhups mont, of kaman'sn applications dend with structures
pubjeot to high tatigue requirements with primary high wtoady
ptresron And cyelle combined ntresmon, In much casen, whore
the tnherent trannversne weikness of the pure untdirectional
fibher Juy=up I Inadequinte, wuccenn his been achleved hy
fncorporating lay=supn of plien alternately ortented at ! he
or, where demanded, 2 169 « the degreo ortentation being
about the primary stvess piath

One of the nrean wubject to much discusnion, and as yeol unre=
polved in Yedoral tewt mothods, tn the technique for specimen
tenmt e tenting, Hpecitically, whon testing untdirectionsl or
S A0 grtented wpocimens, dnvalid fatlures tnvariably ocour in
the grip aren and not tn the tewt wection, An excellent
example of this in tound tn Table Jepd, where ppecinens of
directeod titherglawn thpe (Fibher Glase Divisnton, Fervo Corporas
tlon, Nashville, Tenn,) tmpregnated with epoxy resin (U, b,
Polymeric Corporation, LHtamford, Conn,) were made and tested
in necordannce with Foederal Test Method 4006,

Mo rosults show scatteored values A1)l substantinlly above
mindmum MIL specification, and yot all falled prematurely in
the gedp aven, This chartacterintic has alno been brought oul
by dnvestigations of the deinforced Plastio Division ol
Minnusota Mining apd Manulfacturing Company , who suggest
modifying tensile specimens o incorporate reinforcing alumi =
pum plates an shown in Figure 1D,

3" 2 - 2*” -
, ./' ilxu" , -

w4

! * i
- / 0} -

A‘UH. Pinton /

Monded to
Bpocimon
| . - 1
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The Kaman Matorial knginceving Laboratory has been unsuccenstul
with thie method In tenting 2 OY wpectnonn where analymsin haw
phown honding fatlures under the alumbuvs plates, KXaman alwo
hiw minde A& Limbted tnventigation on ! tenst le wpecimens,
lnstead of making plocosn with relatively long test pectionm,
the test nren waw ftormed by sanding n &, 00=inch radius on vach
pide of the laminate (kee Figure J=h2),

Although Limited tents wore mnde, an apparent pattern in
obrerved when the test area width e vartoed an shown 1o Flgure
l=Dd and Table 1=Db,

With the mpecimen tewt width at approxtmately (20 inch (seimi lad
to Type 11 of Yodeoral Test Method 406), tatlure occurred in the
wrip aren at relatively low vialues (still above MIL=PedbdiA) .,
When the wection wikn reduced to approximately 20 inch, lens
milo mtrength tncreancd swlightly but agnin & grip aren fa, lure
vecurred,  However, at a tent mection width of about 4 tneh,
the tenud le wtrength aghin tncreaned and the tatlure oceurred
in the test section, When the width waw reduced to ,00 tneh,
novalid fadlure occurved in the order of 140,000 pri,  Thin
concurred with 1 M tewt values for the ! O0 ortented "Scotohply
which wam umed In the above temt,

The results suggest that for a given symmotrical ortentation ol

untdirectional fibers, there extnts an optimum tewt area width
whon the tewt section fIn conmtrycted wn deosoribed horein,

W




Figure 1=Dd,
4 09 Ortented Untdirectional Temt Bpecimen
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BECTION 11
COMPOBETE BLADL DEVELGPAENT
HACKGROUND

The rotors that support & hellcopter are mechantoal otatin
elementin that have to meel most of the wpectal reguiiements of
Bighentrength rotating machinery plus having the by own pooubiag
type of bohavior that makew thedr desbipn extremcly sophbe b ontoo,

In particular, the helicopteor rotors opeocate by an oscidinty,
velationship to the ale, which tnduces vartable forcer and
vibratory smtvatnm of a continuoun nituie,

'hin dimeunnon wil)l concontrate on the votor blnde pnrt ol o
Kaman helfcopteor rotor, discepgarding the voi hiihl L 1
mechantcal components of the wo=cadiod hub and Plade atta
mont,

The hellcopler votor blades anre very slender bodbes, whioh wis
shaped to clomely controlled atriollin and vndowed with contiol
nyntoms capable of making them ftollow the cyelicnlly varinble
path that tw required to maneuver the helfcoptern tn Lhe b
vartous moden of performance,

The blades tavolved tn our dincusston for the Enuman =400
"Munkie" Heltcopter repropent & further stracturnd prob bom
beonune the mtructure stuell e uned aw an clastio twint and
bending hinge and the controls nre applicd to then through the
charnoterintic Kaman nervo flapn (Fipuwre $l=1),  Thin pavticue=
bav arvangemont hins permittod womplitication of the attaching
maohinory and requlres much Lighter control loadn for the
inbhoard parts of the whip, Lat 4t fnteoduces problems of deli=
chte dynamic and elantio balance ftor the bhlade and all st
components,

The blade under discoussion tn a “paddle” about 44 feet long,

17 tnchen chovd, and appronimately 2 dncher thick at the maxie-
mum point with a wellsrounded leading vd o and & teimly taperod
teatling edye,

An Ldea of the procision requirencnts for these blinden In an
follown:

The weight o two blades munt be controlled to be balanced
within | pound in 170 or 00 percent,
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The atrfoll nhapen munt be held to a tolerance of plus or
minun 010 fnoh on all contours after all the VArious operae
tican of fabrication, balunoing, conting, ete,, are suCCcons
wively performed, and fncluding the banic raw materials
Mtook variations,

The torstonn] wtiftness of the blade tn held to approximately
L., tnechepoundn por degreoe out of 100, or 70 porcent, and
the location of the center of gravity of the wymtom in
meanured reopontedly and kept within a ,002=inchadiamotor
cirele,

ALl thowe requirementn which are necennary for smooth ruanning
and proper control response npg ensured by & continuoun werfoew
of ftn=proceun controlsn and check potnts with a lot of fine
hiand trimming and rationnl redisteibution of welghtsn to pre-
vent the total ansembly from oxceeding the very stetct bimitw,

In nddition to all thim, wome dynamic ohocks are taken on the
bladew by wtudying thely responwe to vibration and determingng
the proper balance in the chordwine direction that will permit
untform control response in flight, Finnlly, no blade can be
timtallod on an alroraft unlenwn §ts performance has been
checked on a tent rig or on An oxperimantal atreraft to ensure
that all the previous care hian been actunlly teranslated into
an opersble component,

Thene Lindes may oo wubject to haed une and they may be daniaged
and ropatred; alwo, they usually have an establinhed overhaul
interval #fter whioh they have to be very closely fnspected
before Lthey Are uwed again,

On nll wuch occantonn, where materinl s replaced or added to
the bladen for repalr or where some components are stripped
from the blnde for tuspection, the minute onreful balanoing
And matching procedure has to be repeated wo that the final
overhnuled produot tn worthy of flight an well an a4 brand new
binde,

Ahmorption or enteapment of motnture within the blades of a
hoeltcopter tn an uneven manner will tmmediately areate out=ofs-
balance conditionn,

In wome caven, renting the helicopter bladen partially tn the
uhinde will cnume uneven behavior until the relative tempora-
tire differencos are agnin equalized,

In view of the abovesmentioned facts, It tn evident that some

matorial that would be light, eanily workable, impervious to
novere exposure effects, highly resilient, modeorate in price,
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and capable of long=term endurance under fatigue conditionms
rYuld be tderlly multed to the conmtruotion of helicopter rotor
) “(‘”h '

At the beginning of the company activitien in this field, the
only material that would permit the use of the Kamkn servo
flap awd olantic hinge principles, with & gooa compromise on
woelght and endurance, wiks wome rather elaborately ptoked and
procomned wood because of the low modulusx and faherent restl-
lonce wo obininable,

Aw the wizoe of the atreratt grow and ttew opeorating 1ifo wian
increaned and new more powerful powerplants could Lbe adopted,
W olimit wian reached at which the wooden ntructuren would not
quite have sufftclent strength to permit development of an
ndogquate product within tolerable welght Jtmitn,

Bionce 10D, Kaman Atreratt haw witudied the retnforoemeny of
wome of the famediate woak polnte of the wooden bladen by the
une of fibhorglapns=rotnforced plastic Yaminaton,

In wome camen attemptn wore made to use metal reinforcementng,
but by and large, wuccesn tn teannterring loaden and delaying

endurance damige wan nccomplished by the rational application
of layers or variousw uystoms of fiberglans and plantic,

It mumt also be noted that tn camne of tent (alluren the well
uned process of "beefing up' doesn not work for high=ppood
helteopter rotor parts because tn many chwen the additional
welght required for strengthening, multipliod by the "G"
fdold under centreifugal force, makes the resultant wtrexiom
more onerous than the tnitinl onen, Therefore any corrvection
of the wituntion munt be achlieved by cleverly redesigning
component to avold the overloanding that cauwed the fallure in

the firmt place,

One typteal oxample of thin procedure occurred in the develop=-
ment of the wervo (lapn where a particular problem of aero=
elantic ntability required a ntruoture that would combine the
proper proportion of torstonal strength, bending ntiffness,
and oxtromely Jight wolght,

Aftor o numbor of tent=rig fatlures and design tmprovemonts,

the problem wan solved by tntroductiong thpered spar caps of

very high wtrength untdirectional fiberglannsreinforced plan-
tienw, which performed properly in bending without changing the
torstonal tuning and did not tnerease the weight of the ansenbly
to an Intolerable extent,
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Virtouw worten of flaps with or without less elaborate plastic
reinforeing hnd woeen wervioe before the final wolution was
nehtoved, but in all canen they required "red line" limitations
to edther the npecd or the fiight attitude of the alroraft to
avold tnducing neroclantic trouble,

Figure Jlel dp a banie whkoteh of the Kaman HH=411 blade,
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Figure 1l=1, bketch of Banto Heltcopter Nlade

bor economic and conventence reanons, the blade nomenclature s
hroken into areas and wpecimenn of thewe areas are temted prior
to compleote blade finnl tenting, Annlytical data and whirl and
Plight tont aots are "oranked' tnto npecimen tent loads and
tevisned A tnformation In gathered to enmure tntegrity and
afoty margine,

HSTATIC TESTING

From & wtatio ntrengthwine view, the blade root end in the
wetken! component of the rotor head wystem, 1t tn subjectoed
to & combinntion of high contrifugnl force, tneplane or edges
wine bending due to engine rotor torque, and tlapping or flat-
winw bhending., Thewe loades were applied to the root end spect=
monw An the followling manner

1, Contratugal loadn were applied to the specimen by means
of hydeaulte eylindern pushing on a load beam, The C,F,
londw wore mont tored by a hydraulio pressure gage,

d, kngtne torque wan applied to the specimen through a wtub
=440 rotor abafy, avtuated by a hydraulso cylinder in
A nelf-contatned cable system, Monttortng of the torque
londw wan accomplinhed by a wteatn gage line cnlibrated
Agatnut known company swtandards,
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e Appliention and control of tlapwike bonding momentn wore
nocomplished by means of a vortical hydraulic eylinder
nttached to the conter of the hud, Monttortng of the
bending moment wan controlled by two proviously calie
brated yotor bhlade voot endw, A calibrpted hydeaul s
Proemnyre gayge wiaw usmed to obtaln the shoinr load applicd
to the center of the hub,

Figuren 1led, 11 and Jl=d nhow the specimen and FIXture am
dencribed above,

The blade voot end wiae tnmtrunented with Lhi=4 Lype stinin
gagen an mhown in Flgure Lis=hH,

T™e crdtion] mtatie tent conditions to which the mpecimen whs
tostod wore simulnted atroraft mancuvers creating o positive
Co) 3 "u" nt Q10 R, M, wnd & negative (=) 0,0 "g'" at 2060
Nl b, Tranmposting thin to setunl Toreen and moments renulte
in the following!

e 0 R condl tion

2LL000 §n,=db, at blade Hta, 14,0
LW, 000 fn,=1h, at blade Sta, 01,0
110,000 fn,=1b, at blade Lta, 40,0
0,000 tn,=1b, at blade Hta, 07,0
41,080 1b, contritugal foree
dRN,000 tn,=1b, ongtine torque

« 0,0 "u.:' condition

170,400 gn,=lb, at blade L, 14,0
IO, 000 tn,=lb, al blade Stn, 41,0
B, 000 tn,=lb, nt blade Hta, 40,0
44,000 gn,=b, wt blnde bta, b/,0
JO, 000 b, contritugnl torve
QUK 000 fn,=lb, vagine torque

Thewe above loade are terned "Limdt"” loads which are equivalent
to what the actunl part would experience fory thoe given condie
tion, Ny wpoctfication, the part munt be able to withstand
"wittmate” loadw, which are defined as 160 percent of the limid
lond, 1t tn dostrable, ol courne, o realize highoy percontiagen
MO WM Lo create greater marginm of safoty,

The tewt procedure tor the root eond specimen was 10 apply
londs tn 20 percent tnerements up to 100 percent b L, L,
(dowign dimit doad), and tn 10 percent itncrementsn to JH0 poy=
coent b,L. L, Subsequently, the upecimens were loaded Lo thil=
Wre, btrain gage data were recorded and plotted to detect

ylelding,
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Figure 11«3
Pypitenl Hub, Grip and hlade Root<knd Tewt hotup

Fivure 1l=
Clowes=up of Rotor Hub Blade Grip and
Wlade Root=knd Inutallation
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Figure 1=
View Showing Centrifugal Yorce Application BHeam

46




hta, 40,0

4

Divrection «
ottt b

i, l‘.“

O |
’ lél. "‘.” ')I - u
J 1 | i
y Y | || I‘
LA, N,3H {({ i L . U\ 4 ; J) 'J- :I )

Fipumre 1|
Instrunentution and Bolt Hoele lacations
Blude and Grip loots knd Lpocimon

N}




Figure 1= whowe the cromsssectionnl dovelopment of the blade
oot end by the application of fiberpglass=veintovoed plastic,

The original dmprovement design for the laminated nproce and
maple woad spar (Flgure Tl=a) was to shave off approxinately
d/0 inch trom the Ltop and bottom surfaces and to bond in dte
place a veintoreing "cheok” plate compriged ol A ;wthrh L =
nate of phenolie rosin Filerglase and o 1 /Bednch laminnte ol
» oY ortented layers of beotehply (O M Co,), with the beotechs=
ply torming the outside of the composite sandwich, Thiwe
gpecimen completed the 100 pevcent DL Ly runs at + 3,0 4 and
w 00 g1 but An an attempt to accouplish the ultimate limit
lond at + 4,0 g, A root=eond (allure ocourrved at 1406 porcent
of the design Mmit load, Figures =7 and 11=M reveal the
falled ppocinen,

This premature fadlure neceosattated & dosipgn modifioation in
order  to uatinly the strength requirements,  Therelore,
poeparate tests were conducted on single blade root=ond spocis=
mons under combined contrifugnl lond and flatwise bonding to
Aspess Lthose moditications,

After the prematurely falled blade root end was dissected, an
investigation indicated that the primary cause was A wood
shear fallure botween the upper and lower surfaces of the
blude,

The Dynamic Strese Group sugpested a fibhorglass sheary tie plate
on both leading and tratling edyges of the blade root end to
eliminate this problem, A mpecimen was made which incorporatod,
In addition to the cheek plates, &-tnvh shear plates of epoxy
resin and No, I8l glass cloth layed up with the warvp at 40Y 1o
the span (lengthwise) dirvection (dnd configuration, Figure Tisb),

This blade root end falled at 146,06 percent of the + 4,0 ¢ Limlt
load condition (201,000 in,«1b, blade Sta, 31,0), jJust under the
mindmum requilrement of 160 percent (R07,000 in,=lbs, blade Hita,
J1.,0),

The vertical shear tie plate faitlod along tts glue line whore
At was attached to the upper surface; thus, another design waws
made to increass the glue area of the shear tie by making 1t a
ghannel section, hence completely boxing the blade grip retons
tion area in fiberglass, The third configuration of Flgure
1=t veprosents this structure, Ortentation of the warp in
the No, 18] glass cloth channels was at 48 dogrees to the
spatwine direction,

The third modification specimen surpassed the 160 percent limit
load and failed under the combined centrifugal and bending

L
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Figure 1l=6, Configurations of Blade Hoot=knd Development
with Fiberglass=Heinforced Plastio



Figure 11=7, Original Htub Configuration Showlinyg
Genoral Fallure
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Figure 1l=N, Close=up View of Stub ¥Fallure
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ef fect at 100,68 percent (220,000 in,=1lb, at block Hta, 91,0),
This fallure occurred through the outboard bolt holes in the
area of the wplice between swide channels and cheak plates
(Figure 11«0),

The final modification (Figure 11=0) consisted of placing the
flanges of the epoxy fiberglass channels underneath the cheok
plates, thus creating an unintervupted structure for the bolt
retention, Subsequent testing at the + 3,0 g linit load condls=
tion resulted in yvielding of a metallic retention component at
101 percent, Thiws iw so closwe to the previous 16J. 8 porcent
that they may be consldered the same; however, the significant
deduction is lack of fallure in the blade structure of the
finnl configuration whieh later in this report will prove to
be of value during the fatigue tests with these related parts,
In addition, the opposite extreme condition of negative bends
ing moment at « O.0 g limit load resulted in fatlure at 180
percent or 208,000 fin,=1bs, at blado Hta, 31,0, This fallure
occurred in the wooden spar structure outboard of the pglanss
reinforcoed arca as shown in Figure 11=10,

Alno mhown by these resultls Is tiho more oritical olement of
the higher Y anding moment at the ponitive 4,0 ¢ condition,

Figures 11=11 through 11«00 offer the plotted results of the
above testing,

Unlike the blade retention, or root=end, aren where fiborglasn
reinforcement was paramount in deriving an adequate structure
;;utlually from the cttically high bending moments and centris
ughl offects, the torsion and flap areas wore structurally
adequate statically in the original wood contiguration, For
this reason, statlc test results for these Areas are omitted,
However, 1t will he brought out subsequently that the fatigue
characterintion were greatly enhanced by the use of fiberglans-
reinforced plastics in the root, torstion and (lap arcas,

FATIGUE TESTING

During the design and development of the HOK/HUK rotor blade
(the predecessor of the H=4ih rotor blade), 1t wan recognizod
that the two most critioally stressed areas of the blade were
the blade retention area and the torsion avea betweon the blade
root and the flap, Over the years, these two critical reglons
of the blade became intensively developed structurally, with
successive reinforcements of fiberglass as the imposed operas
tional loads increased in smeverity and as tine hetweon ovechaul
intervals increased for economic reasons, The reintorconents
tncorporated in these blades were developed and vonultod dn
structural improvements as defined below:



Figure 1<) View Showing Fallure of Fiberglass Channel
Retuforced Stub
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ftlade Retention Area: The most critical and mowt highly
strossed rogilon of the blade exists at the root end bolt holews
where the blade is attached to the grip, The predominant load
in flatwise vibratory bending in this area, and the blade wecs
tion must be capable of withatanding the highest medsurad
vibratory flatwise bending moments encountered in high=npood
flight,

A, In 1083, a J/B=inch thich fiborglans "cheek plate”
was incorporated in this area of the blade to relnforce
the outermost fibers of the bending section against the
vibratory bending moments existing at that time in the
HOK application, Fatigue tests indicated that thiws
structure had an endurance level of 2 14,000 inche
pounds (Figure 11<34),

B, As time progressed, and the flight envelope for the
atreraft wasw oxpanded, the need for higher flatwise
bending endurance limit in this region became apparent
and we endeavored to try additional veinforcements by
moans of & 1/8=inch thick swteel plate, Although thie
resulted in an increased bending moment endurance limit
(! 10,000 inchepounds), it was not deemed sutficient
and development effort continued,

C. The next development step was the substitution of a
1/B=inch thick Scotehply plate in liou of the steel
plate previously mentioned, This construction of
Scotehply, with fte fibers prodominantly wpanwise
oriented and the previously incorporated glaws cloth
"cheek plate” itmmediately beneath it, resul ted in an
endurance limit of L 26,000 fnch=pounds and was incor-
porated in blades early in 10567, It 1w interesting to
note that the Scotchply, with an "E" of approximately
five million, proved to be much more suitable in thiw
particular application than a wteel plate of wimilar
thickness because of the much larger difference betlween
the "E" of the composite structure as compared with the
"E'" of the steel cap, The steel plate picked up much
more load than was intended because of 1ts much higher
modulus and hence was incapable of substantial increases
in endurance limit; whoreas the Scotchply, with a more
compatible "K' and with relatively high wmtrength char-
actoristios (110,000 pwi UTH), proved equal to the
task, This structire corresponds to the "original
configuration' of Figure 11-6,

D. With the advent of the H=43B with 1w accompanying
higher powers and wider performance onvelope, the
rotention area of the blade proved to be critical in
ghear due to vibratory flatwise bonding, Apparently
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Figure 11-U4, Heotion View of Original Fiberglawn Cheek Plate
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the tension and compression capnottien of the outermopl
fihorn by that time exceeded the sphear capnoltion of
the Interporing uprace and maple, Additionnl) shoar
chpuctty win provided by the tncorporation of fibers
gluwm cloth (wot lay=up) channels on the leading and
Lend binyg edge satden of the retention area, bonded to
the previousnly developed cap plater of fibheorglanm

cloth and  HBoctohply .,  Thin change vesultod in an ondurs
ance Limtt of 2 40,000 tnch=pounds and corresponds to
the "fimed configurntion’ of Figure Jl=t, 1t 4 Inters
oubing to note that the envelope dimensions of thiu
pedtion are tdentical to the envelope dimonslons of

the ordiginnl secotion aw of 1060, when the endurance
Limit hnd been 1 10,000 fnchepounds,

The general wetup of the fatigue fixture and wpecimen fnutinllas=
tion Iw mhown tn Flgures Hi=iH throupgh =41,

The centrifugnl forve wan applied to the specimen by two paral=
tel hydraulio cylindors pushing on & movable lond beam, When
the centrifugal force is appllied, & stendy bending moment ip
introduced in the blade due to the "bullt=in" coning angle of
the blade gripw, The load beanm I8 free to move under the
hydrauljo load application, but the mymtem tn backed up by an
nocumulntor which eliminnten the vibeatory centrifugnl loade
caumed by the lengthening and foreshortening of the speooimen
during the bending vibratory londing.

The amount of bhending moment Introduvoed by the centrifupnl
lond 1w controlled by a vertical shear Jond applied at the
conterliine of the rotor hub, The vertical loading nystem Iw
fnolated from the Jig by a mpring bank, which war denigned on
n dover arm principle to aocommodinte Targe hub motlions with
ami )l wpring deflections and st maintinin the neoousnry
vertionl whonr to enmure the ntendy nending moment condition,

The engine torque du applied to the mpecimen throupgh nostub
rotor shatt, whioh maimulaton an notuasl rotor shalt and hub
intalintion, ‘The torque nystem tu a self=contalned cable
and hydraulic unit and In roscted by the contrifugnl toroe
tonding whitoh cnumen the wpoctmen to aesdme & "lTage' blede

position,

The vibratory moment iw appliod s & vibeatory vortionl shoear
At the hub venterline and amplitiod by appronching the patural
froeguency of the wpeoimon,  The vibratory shenr loading in
wccomplinhed by a8 mechanfeal shakor with n vartable=spood
drive unit,  The mhaker s & counterrotnting woelght pystemn
whioh assures a pure Linear motion output of the mhaker, the
ouvtput force varying with vpm,
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The wpectmon, with the proper contedifugnl ferce, onptne torque,
and mteady bending momont (mondtored at blade Lta, 01,0) Tondm
appliod, tn excited tn Clatwine bending by the mechantenl whakor,
A Phe mpealmon appronches § e nntural vrosonant freguency, the
mivpend tude of flatwime bondiog s tnerenwed with smeldl) thore
mente of excltor foroe,  When the proper vibhratory bonding
moment tw acquiired, the vartablo=drive nystom in locked in

thint posbtion, A pgeneral wohemiatie drawing showing londs an
applied to the wpecimen tu presented tn Figure 1=0b, The
root=cnd ptub strain gage locetionn are the mame aw for the
ptntie tent Mpedlmon ap phown dn Figure 1=,

Touwt Procodure:  After the hlade root ends are s tramented
and wtatically onbibrated agandant known fintwine bending
moment, the wpecimen ds tastalloed in the fatipgue temt rig, A
Hpecimen conmiuts of a rotor hub, two blade grips, two blade
root endr, and the necesmary bag pios, toeter pin and blade
boltu to complote the mrotup, Thin setup duplicated one=half
of the NH=4J1 rotor symten,

When the specimon setup in completed, all the Hi=4 ptrasn

ggon are "nulled” o an arbttrary stratn indicnted valuoe,

From thism neatral popition, the centrifugnl loading s applied;
but due to the 439 contng angle of the blade gripw, an auto-
matio negntive bending moment (W Introduced, Thisw moment oan
be controlled, am to Ltw magnt tude, by 0 vertical whonr lond
Applied at the centerline of the hub,  The magnt tude of the
vertical whear load s depondent on the desired wteady beonding
moment requilred at monttor blade Hta, 41,0,

T™he engine torgue tx then applied to the wpecimon through a
ptub rotor shatt aid de reacted by the centrifugnl torce and
the lend layg angle Induved to the mpeoimen,

A wot of ptratn readings for all blade rtations were recordod,
Thewe wtrain readings constituted the wteady londs aw applied
o the wpecimen,

The vibratory condition was ke tup by a vartable=sdeive wymtom

and electric motor, drdviong n mechantcial whakor,  The ppeci=

men as exclted by the shaker to a greater magni tude of load

W the whinker speed approaches naturnl froquency, A the tesons
ant frequency of the wpectimen fu being approached, owcilloe
praphie records are tuken to determine the vibratory bending
moment levels and whaker P M, When the dealdred bending

aoment level tu achlieved, all wtraln gage mtations were

recorded on oscillographlio papor and logged,

Mondtoring of the load levelw during the test wan acoonplinhed
At pertodic fntervals utillztog an onol llographle recorder,
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CENTIIFUGAL = C,F,
HENDING MOMENT @ Sy,
ENGENE TOIQUE = My
VERTICAL = ¥y

BUAKER FORCE = 2 Fyy

“ A prequired by test concltlonm,

= An requived, approximately
w AW, 000 fnch=pounds At hlnde
Hen, 01,0 with no Fy (Vertical)
adetad,

= 100,000 tnch=pounds (ntoady),

“ An roquired hy tomt conditionn,
To reduoe negative HoM, dueto
C.F.

= An required by test conditionm
to produce necessnry 2 bending
moments at blade bta, 41,0
{monitor),
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Figure 11=00, Genernl Arvangement of Hub and Grip Fatipgue
Jig Viewed from Movable Retention End

m"m

Figure 11=07, General Arvangemont of Hub and Grip Fatigue
Jig Viewed from Fixed Retention End
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Figure 1l=in, Goneral View Hhowing Contrifugal Yoree
Application Load Dewm

Figure 11=00, Close=up of Typical Blade Root=End and
Blade Grip tnntalled into Rotor Hub
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Figure H=40, General View Bhowling Mechandonl Shaker end
Torque Appllontion HBywstem

Figuve 1l=4), View Bhowing Vari=Drive Hystom anGg §ts
Attachment to Mechanionl dhaker
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Any lond varintion tn the spocimen wak trdimnoed by wd justing
the vartnblosdrive mochnntoal shakor myston to the desired
love)

During the pertod in whioh the following Information waw
obtantned, 22 blade root=end ppecimens woere futigue tostod,

Bix tadlturem occurred which wore clamptfied gn tnvaltd due

to propagation fepm the outhonrd centrifugnl lowsd sppitcention
pind aren,  Flve valid fatlures occurred tn the binde grip aren
four wore mustatned at high level testing and one nt a lower
loevel, which wan clampdttiod am a tabtlure becaune of fnternnl
diamige but waw wtill capable of further fatigue testing, All
other mpoctmeny i ther "ran out"” at the dewtred lond level or
"outlived” retention motal components,

The priame fatigue location in the rotor blade retention aren
in the blade grip attachment bolt holes, the mont oritionl
bedng the outhonrd holew Now, O and 7, Blight spanwise

cracke mandfest themmelvow in the Heotehply cheek faclingm,

The untdirvectionnl Hcotohply haw oxceptionnl wpanwise streng th
propertien and faly chordwine strength propevtiesn, Previoum
oxperience han whown thint without the Beotchply cheoeok plates,
chordwise orncks would result with ultimate fallures occurring
norows the net blade gection,  The wpanwise cracks tn the
Bootohply nave an extremely wlow rate of propagation and are
not conkidered ordtionl,

Figure 1l=4d {8 the developod H=N curve rosulting from approxie-
mately 31 weoparate tentr of the root=end apecimen, The vibra=
tory ntresn level dn in torms of bending momont and in a more
rendily usable paraneter in blade analywin, rather than in
notunl mtresw values, The arrow aftachments to the symholw,
repropeonting varfoun mpecimons, merely indicate that the blade
wpecimon "ran out" at the given level and/or wome other retens=
tion component tewt run with the lower level moment belng
chinrged with the accumulanted endurance time; thus, the developed
curve du woeen to be, 1o notunlity, quite conmervative,

Figuren 1l=43 through 11=00 give representative types of
fatlures encountered during the fatigue tewt program,

Figuren Jl=43 and [1=44 phow typlceal upanwine orancks in the
Bootohply facing on upper and lower wurfaces, Although thiw
wpecimen did not yleld and wan capable of wusmtaining further
fatigue tomting, t0 war out Snto segments to Investigate inters-
nal orack propagation within the laminnted wood ocore,

Figure 11=4b whows a damaged swpoctmen whioh had completed 34 x
10" oyolow of fatigue tonting, which tncluded 0324 x 100 oy lon
at the & 00,000 tnch=pounds bonding moment level tollowed hy
1N, 116 x IU“ cyoleow at the L1 40,000 tnch=pounds levei, It wan
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noted that theye was extoneive epanwise orneking nt the chords
wise odgen ol thee bolt holew, wpanwise elontation of ndl holen
on the hottom cheelo plate, consbderal:le fectttiyg on the top
cheok plate directly under the outbonrd edge of the steel
blude grip, chordwire crachs propaganting Drom the bottom two
outbhoard holew, and delantnntion of the fihergloer channel,
The vemarkabkle accomplishmont achieved bore dn the tact that
deuplte the mevertty of damage, thin specimen ptil)l naintintned
the capaclty for holdiog eoduced lopds,  Thin wtatement, 1n
fact, holde for all the wpecimens ehboh wore olansdflod an
vivlid fndtures = dn no dnetance did a wpocinen pueounb to
complete fatlure,

Faguren Jl=40 and Ll=47 nhow slight mpanwine cracks on the
upper Beotehply check plate and chordwine compresstion crgcke
at the outhoard two holew on the lowor Heotehply plate,  Thiw
damige war puptatned after 140,000 oyelon at

Blade centrifugnl force - UHL 000 Tbhw,
knglne torque “ 100,000 inchspoundm
Wlado JBtu, 31,0 bending moment = OH, 000 2 wu, 000 tnche

pPoUn K

Figaren Jl=dd, Li=d40, und 11=00 are photographs ol specinens
which have "run out' at lond levelw greanter than high=npoosd
flight conditions,

Figure 1l=d8, Photo No, ), mhowsn minute npanwine orancks on
upooinen No, 31 which acoumalated 41,400 x 100 gyoles,  Photo
NO, & shows mimilay dndieations on specimen No, 37 after 30,008
X “" ('y"l‘-’ﬂo

Fl“uvu 11=40, photo No, 1, in wpecimen No, U8 aftor D0, 008 X

1OY oyoler, agatn revealing negligible damage,  Figure 11«40,
photo No, &, and Figure 11«50, photes Nok, | and 2, are rempege
tive sectionn of mpectmens Now, 1, 37 and M whowing Interanl
ppanwline ook In the laminnted wood core, 1t in intoresting
tos note that thewe Interenl crackn wore found during fnspection
of the bolt holew atter 14 to 16 miilion oyclew of fatigue
tenting, At thin time, opoxy remin wasn forced under preomuure
through the bolt holes and Into the crackm, After curdng, the
npocimend wore roturned to the fatigue fixture and the test
rosumed,

Upon completion of the tent, the npecimens were fnspected and
photographoed am seon tn Figuren Fi=40 and 11=00 and then din=
rected Lo Inventigate the Internhl crack propagation, It wam
tound that no further propagation occurred heyond the rewin
filled orackm,
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Blade Root=kKnd 8=N Curve

Flgure 11=-44,



Figure 1l=43, fdpanwise Cracks in Upper and lower (rip
Faolngs
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Figuve 1l=4b, liade Root=EKnd Bpooimen Damage
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Figure 1140, Nlnde ooy End Lower Hurface
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Figuve Ll=48,  lade Root=<knd Spanwine Cruacke




Figure Ll=4¢, Niade Root-End Npanwime Cpi
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Pigure 1100, Epoxy Filled Hpanwine Cracks
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HOTOI DLADE TORKTON AKKA

The torsion aren of the rotor blade &w n unique problem
demerving of wpeotnd evaluation, Due to oyclie blade 3 toh
change, vibratovy mhenr wtronken are pet up within the mpar,
The ovientation of thewe plrewser In both parallel and pers
pendicular to the blande wpanwine axtin, and they therefore have
the wivme orfentation with respect Lo spal grain direotion,
Undor thin loading, the natural tatlure plane o parallel to
the wpary axim, ‘Thiw dx due to the orthotropic piropertien ol
wood, rhenr ntremgth bedng & mintmum parallel to the gratn,
Buch orpekn generally tnvolve only one or two wpar lamina for
noportion of the thicknenn and are thevefore roadily repaleable
by ntiandarvd mothods, The propagution of such oracks tendm to
bhe Jimd tod beoaune of the stress geadients throughout the
blade, Aw n crack grows &n depth, 1t entern the centor of

the npar whereo the pwtrain lovel du Joweor) the propagition rate,
theretore, decreiasen, An the longth of n crack oxtendn, 11 iw
Fimbtod outhoard by the reduction tn torstonnl moment occureing
wnt the fhap and Inhoard by the reduction in torstonnl wteain
level due to the heavier bHlade wectionm, Torstonnl orncks arve
theretore Limbted tn length and tend Lo progress rlowly 4n
depth,  hin han bheon demonstentod by whirl testing whioh Kaman
hive pertormed on blndew with simulated orncke in the torsion
Wren,  kioh blade contalned a kndte out 474 tneh in depth runs
iy from Bta, 100, to Idb,  With 76 percent of tull cyclio
contvol appliod, 1O hours of whtrl temting produced crnchk
propagution through the thickness of the npar at two loentionn,
bhut no wpan peopagnt lon was evident,  The conditions of tenl
wWoere conmerviebdve in that the vibratory torslonnl moment con
tinnounly cxcvodod by approxtnately L0 percent thowe melmured
b miadmam Jovel F1ight wpeood and subaequent overspeood tewnt,

A the thight envelope for the NHOK, predecesmor of the Hi=400,
oxpinded and the operationn) expertonce widened, 1t heoame
evident that the torstonnl area of the mgin wpar between Hti,
Fnohes HO and 110 would be the next mont troublosome reglon
OF the blade from a mtrvetural point of view, Hpanwlne cheokn
Or vrncken ocourred o opome ingtioncesn ko the pprace and maple,
primaydtly at the teadlbing odge of the snteol none cnp,  These
were proven to he cadmed by maneuver blade toraion momen te
oxcoedim the vibratory torsionn) endurance bimit of this Area,
Oviginnl conmtruction ol the HOK blade, conminting of spruce
wnd maple baminntionn capped with an eronion protection of
JOMRetneh witntnlonn ptoel around the leading edge, had an
enduiance Limdt 1o torsion of 3 1,000 tnchepoundun, (Hee
Figure HisHt,)

A The fherst wtreactural amprovement tn thin Aok, proe-

duced tn obd, conninted of one layer of glass cloth,
0=t neh thiok, wrapped around the mpnre in the shape
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Figure 11=01, RKvolution of the Uske of Fiberglass tn Kanan Rotor Hlad
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of the letter "C", After this adhered to tue wooden
Hpar, the stainlees steel jose cap wae thon applied,
Thie structure preved to lhinve a torsional) endurance
Mmit of L 1,700 tnah=nounds and wau @ Blgniticant
fmprovement over the previous construction,

By The wider ftlight envelope of tho He=didl involves proater
control motions of tho votor and, spocifically, a wider
amplitude torsion of the blade than required in 1Ok
installations, lence, an additiona) structural LIProvos
ment program was undertaken in 1000, and resulted in the
introduction of the glasscloth reinftorcenent of the
wooden spar which conmintod of O layors of cloth wrapped
completely around the wooden spar in the shape of the
lotter "D" am ween in Figure 11«01, This reinforcemont
wias ,000=inoh thick and obviated the necessity of having
stainlens wteol over the glass cloth, Hufficlent oros=
slon protection 1w supplied by sprayod vadome cubboy,
The sivoctural torstonal endurance lindt for this vers
sion proved to be ! 2,100 fnohe=pounds and is currently
incorporated on all production H=4il votor bladen,
Heferring once more to Figure 11«01, At iw again cloar
that with a modest increase in the total thicknons ol
the glass cloth reinforcement around the periphery of
the wooden spar, it would be quite possible to  then
consider the wood completely wecondary and removable,
loaving a complete glass cloth "D section for the main
rotor blade spar, This evolvement will subsequontly be
g{o:uht out in the discussion ol the all«glass rotor

ade,

Fatigue testing of the torsioninl ares specimens be wcoomplished
on the Apparatus seon in Figures 1«00 and 11«50,

Tost specimens duplicated basic production blade configuration
botween spanwise Sta,s 104,06 and 177,20, except an modified by
Liberglans reinforcement,

Fach tesmt mpecimen was instrumented with steadn gages, located
An wuch & manner o as to measulrc torsionnl straln spanwise
distribution, UEach specimen was chen ealibrated to obtaln the
relationnhip between torstonnl moment and strain,

After onlibration, the spocimen was tustalled in the excitor
clamp and supported laterally by a bungee chood, A wlight tors
siopal moment was introduced to locate the torstonnl podo ot
the opposite end of the specimen, VWith this point located, the
Bpecimen was supported st that poiat,  The desired monent level
wam Aintroduced to start the fatigue van, and the dynamic tors
slonnl moments were checked houvly theoush monttored stealn
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Fipgure 11=0:1, View ol Exclted Vttaochmoent
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CHRONGLOGIUAL

Bpecimens

TEN102000 1

Spring rate = 10620 inch/dei, /1L,
eimilar to K711808<1, bLame blade
structure as =430 Dliade from
Sta, 104,80 to 107,26, Hhpar
Hlock was made at KAC,

TEN102000-2

Ne spring rate determined,
Similar to K711604«1, Hame blade
plructure as H=430 blade from
Bin, 104,50 to 167 .45, Hpary
block wam made at KAC,

TEH102000-0

NO spring ra etermined,
Himilar Q K’tlgﬂﬂ-l. same blade

structure as NH=430 blade from
Nta, 104,80 to 167 .30, bHpar
blook was made at KAC,

TEN1020004

No spring rate deternined,
Similar to K711604«1, Hame blade
structure as H«410 blade from
Sta, 104,80 to LO7 .85, Hpar
block was made at KAC

lasined I

plon & Hending

e

e

3
L

fable 11=A

sUSMALY UF FATIGUL T

tondi tionn

HH00 inch/pound tors

OO0 in, b,
Hond i ng

AH00 in, /b,
Hoend i ng

AB00 in,/1b,
Hending

2300 in,/1b,
Hending

24700 in,/1b,
Hend i ng

4h00 in,/1b,
Nending

Torsion

Torsion

Torsion

Torsion

Torsion

Torsmion

l‘ J Nty
No, of Cycles (10Y)
L0604 cyclen when skin
farled spar wan repalred

& tested further at
lower level,

64 to fallures

4.4 cyclesn to fallure,

Fatled Invalid

4,04 oyecles load incoreased
to 4 4700 in,/1b, torsion
&k bending,

14,4 cyoles load inoreased
to ~ A4B00 in,/1Ib, torsion
& bending.,

ATH to fallure,

ONOTE: K711802<1 refers to predessor production rotor blade as seen in Figure 11-81,



Table 11«A (Cont'd,)

fpecimens londing Conditions
TENLOZ000H 2 OUBOO An, /i, Torsion
No Bpring rate determined, b Hending

Himilar to K711004=1, Bame blade
plructure as Heddl bhlade from
Bta, 104,00 to 167 .46, Hpar
block wan made at KAC,

TENLOZO00 0 L ouboo in. /b, Tersion
No epring rate determined, E Bending

Eimilay to K711008«1, Hame blade

structure as Heddi blade from Hta,

104,060 to 167,36, bHpar block was

made At KAC,

TERI0Z0007 L UB00 An, /b, Torsion

No spring rate determined,

Himibdar to K71160%«1, Hame blade
smtructure as Hedan binde from Hia,
104,00 to 167,86, Hpay block wae
made at KAC,

H000 in,7ih, Bend) g

-

TEHLOZO00M DUboo an, /b, Torsion
No mpring rate determined, & Hending

Bimilar to K711602«1, HName blade

sltructure as Hs4dh blade From Nia,

104,00 to 67,40, Npar blook was

mde At KAC,

TRRIOZO00.0 Could not be determinod,

Bpring rate = 1320 1b, in,/deyg,/
ft, Himilary to K711608=1, except
thnt the spar ie winpped with
fiberglaas, The leading odyge of
the spar has & G=ply tiherglans
wrap with no Liberglass on the
traltling edge of the wpar, Hpar
bBlook wias made at KAC,

No, of Cycles (Ipﬁl

AN = NO oracks were
ovident, although test
wita mtopped because of
muspected blade fallure,

b eyeles,

JHON cyeles to fallure,

Louh oycles to fallure,

Fadlod Invalid



Fable 1leA (Cont'a,)

Hpocimenn lavnd i ng Condi tionn v, ol t‘yo lew (10"
TREIO2000=11,  hpring ate = Coulad not be deoto) Fadbded ITnval b
1740 by, o, /deg /08, Himbbny i ned

to K71100d=), oxoepl that the
Py bn o wrapped with Tihorg bnnn,
The leading edge ol the sprre hans
W otsply Fiherglnam winp with no
fiborglamn on the toalbing od
of the wpne,  Hpne block wis mnde

nt NAC,
TERIOROO0=10,  Npeing rate = Coudd not he deter P bod tnvin b
LHRO b, dn./deg. /700, Himb ba mi o

to K701008=1, oxcopt the wpar
with R Heply Tiborglann winp ove)
both the tentling edyge wnd the
londing oo,  Npnr blook wian
mivde nt KAC,

TERLOZOOU=1R,  No npring rat VROOO dn /0, Toreilon GHLO ey el es
detormined,  Nimilny o Noo Hond i

K711003=1, except the mpar hiae

n Oeply flhorgiane wienp over hoth 2 2000 40, /b, Torsion i gy lon
the teatding edge wnd the Londbng Hoo Hlend §agy

odge,  Npev block wan minde at KA

Cobhon dn, b, Tormion e uye
N Bend |y

OVL tn,/ b, Tersioan O,y o o anllarm
Mor B b g

TE=HIO0J000=13, Npring rate Punoo in, h, Toralon o2 to fadlum
bdti) b, tn,/deg,/ 08, Himbiav to Mov Thend | ng

KT1I00d=), oxcopt that the mpay

hivw w J0eply T1horglann wenp ovi

the Jeading edge o0 the wpny with

none on the trad b odge,  hipnt

hlook wian mhde at KAL,




Table 11=A (Cont'd,)

Hpeotmenn londing Conditionm No, of Cyolew (100)
TERLOZ000=14, Hpring rute = U000 10, /b, Torston MO to fatlure
430 b, tn,./deg, /1L, Himtlnry = No Nending

t0 K711008=1, except that the
Mpina hinw n 10=ply fibhorglnen
wirkp over the leading edge of
the mpur with none on the trafl=
fug odge, Hpar block wan minde

wt KAC,
TEHL0Z200Z=1,  fHpring rate = 22060 in, /0, Torsion L, to faliure
1600 Ib, tn,/deg./tt, Himiiar = No bending

to TENI02000=10 and =18, Hpar
blook wam mnde a4t KAC

TENLOZKROR <D,  Hpring rate = 2060 b, /in, Torklon D to faltlure
= LI02 I, o, /deg ., /Tt Nimblar = No Hending
& to TEH102000< 1 through <8 exoept

the apar in brre and does pot

hnve the strinlewn ntesl and

ntyle No, IN) fiberglunn laml-

nated oloth over the lending

odge, Npar block wias minde

KAC ,
TEMIOINGR=T H/N<1, hpring rate 2040 b, in, Torslon Hul o tatluve
= 1400 Ib, tn,/deg./ft, Himtlar No Bending

to TERLOZ000=1 through =M excep!t
the wpar hiamw o d=ply tiberyg livnmn
wiap over the leading edyge, and
N b=ply ftherglann wrnp over the
teatling edge,  Hpar block wan
mide At KAC,




BT

Jable 11-A_ (Cont'd,)

Bpocimens

TERIOZHOZ-T B/N=2, Hpring rate
“ 1600 1b, in,/deg,./ft, HNimilar
Lo TRHIOZOO0«1 through =N except
the sore hins o d=ply fiberglass
wrap over the leading edge, and
W Geply fiherglase wrap over the
teatling edge,  Hpar hlock was
made At KAC,

TERLOZROZ-T L/N=), HBpring rate
“ IB0O Ak, In,/deg,/ft, Himilar
to TERIOZO00«1 through =8 except
the spar hiaw a deply flberglass
WERP over the leading edge, and
W Geply Tlherglaes wrap over the
trnd lbing edge, Hpar block was
made At KAC,

TEMIOZHOE =0, Hpring rate =

1162 Ib, in,/deg,./ft, Himilar
to TEMIOZ000«1 through =N except
the spar In bare and does not
hitve Lhe stalnlens steel and
piyle No, INl fiberglass laml-
natod cloth over the leading
edge,  Lpar block was made at
KAC,

TENIOZHORST H/N=1, Hpring rate
® 1400 Ib, in,/deg./ft, Bimilay
Lo TERLOZ0001 through =N except
the wpar hae o deply fiberglasn
WERE over the leading edge, and
A Geply Ffiherglass wrap over the
trind bing edge, Hpar block wans
made at KAC,

loading Condi tions

AHA0 I, /in, Torslon
= No Hending

T -

HHA0 Ih, Zan Torsilon
= No Bending

f-

42000 1b,/in, Torslon
PRe40 A, Zin, Torslon
= No Hending

No, of Cycies (10Y)
14,4 to fallure

1.0 o fatlure

AL to fatlure

.1 to fallure
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Table 11=A  (Cont'd,)

Bpecinens

TERIOGHOET B/ /N=2, Hpring rate
« B0 1b, in,/deg./fL, bHimilar
to TERLIOZ000=1 through =8 oxcept
the spar has a J=ply filberglass
wrap over the leading edye, and
A O=ply Liborglass wrap over the
tratling edge, Hpar block was
made at KAL,

TENLOZHUL T S/ N, Bpring rate
- lh"“ l‘)o “‘.ﬂ‘l"““o/'tc Nlm‘lll’
to TEXIOZ000«1 through «d except
the spar hias a d=ply fiberglass
wrap over the lesding edge, and
W boply Fibherpglass weap over the
trad ling edge,  HBpar bhlock wan
made at KAC,

TERLOGHOE=T E/N=4, Hpring rate
“ 1400 1b, in,/deg./ft, HBimilar
to TERIOZ000«1 through =N except
vhe spar haw a dsply fihorglasse
wiap over the leading edge, and
A Geply Fiberglans wirap over the
tratling edge,  HSpar block was
made At KAL,

ThaNIOUHOR =1, Hpring rate =

WO0G 1, in, /dey,/ft, Himilar

to TEHIOZ000«1 through =8 except
the spar has o Geply fiberglans
wWi'Rp over the leading edge, and
# 10«ply Tihorglass wiap over the
tradling odge with a dbh=ineh
Seotehply pad o the underside of
the spay section from Bta, 104,06
to Nta, 106, Hpar blook was nade
At KAC,

Londing Conditions

2 AN40 b, /in, Torslon
No Nending

440 b, /in,  Torston
« No Dending

f-

L U400 An, /1, Torsion
« No Nending

-

G600 in, /b, Torsion
No Nending

No, of Cycles (10%)
4.4 to fallure

10,0 to fallure

B.N7H to fatlure

2.0 to fatlure
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Table 11=A

Hpeotmenn

TERLOZ280Q<11 bW/N=1, tipring rate
« INHO Lb, In,/dog,/ft, timilar
to TEMIOZ2H0ZL=0 with tho following
exception, Mhere nre o Heotaohs
ply tnwertn under the fiberglasm
winp.,  Hpar block wan made wt
KAC ,

TENLOZRO2=1]1 B/N=Ld, Hpriong rate
« INBO Lb, tn,/dog,. /L, Similar
to TEMLIO0ZH0Z2=0 with the lTollowing
exception, There are no Hcotehs
ply tnmorts under the Fiberglame
WERP,  SPAr block wip o minde nl
KAC ,

TERIO280G=10 H/N=1, Npring rate
o IHGO b, o, /dog, /0L, Himblay
to TERI0Z80%2=11, un themne specl
mons the G=ply Ciboerglann D"
wirRp over the leading cdge wan
applied to the wooden wprr in two
mtopu ol deply onch, VPN Wi
made nt KAC,

TEMIOANOD=10 /N2, iprlng rate
1430 1b, In./deg, /1, cbmd L
to TERIOAKOZ=11, On thewe specd

mons Lhe Geply Fibhorglnnn D
WIRP over the leading odge wim
wapplied to the wooden spar In two
wtopu of Jd=ply onch, fHpar wan
made at KAC,

(Cont'd,)
Londing Conditionm

D oanoo sn. /b, Tormton
No Noending

Paboo an, /b, Tormlon
No llendng

Paboo in, /b,
No Nonding

f'ormtfon

Yaboo in,/th, Tormlon

No Jlend b ng

No. of Cyclen (109)

1,0 to fatlure

M, 72 to fatlure

1,10 to ftatlure

LONY to tad lure
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Table 11-A (Cont'd,)

Bpecimens

TENLOZK0Z=10, Hpring rate =

2040 1b, in, /deg./ft, HKHtandard
mpar block grain laminations with
LOM0 thickness Beotehply mtrips
added to top and bottom surfaces
of the basic wooden Epar, submes=
quently wrapped with a tGeply
leading odge, and a4 10«ply trall=
lng edge fiborglans wrap, Hpar
block was made by Pratt=Reed,

TENLOAHOZ 17, Hpring rate =

4000 Ib, in,/deg./ft, Torsion
specinen tncorporating selected
spruce grain laminke = G=ply
leading edge, and 10=ply tralling
edge fiberglans wrap, bpar block
wan made at KAC,

TERLOZBO2-10, Hpring rate =

2000 1b, in,/deg./tt, Three
horizontal cuts made through

he spre tncorporating one layer
of No, 18] fiberglass cloth sands-
wiched between oach cut = sane
fiborglass wrap as for =17, Hpar
block was made at KAC using
pelected gealn principal,

TERIOZROZ 21, Hpring rate =

23200 1b, in,/deg,./ft, BSimtlar to
TRRL102K0Z«11, but haw ,0lb=inch
thick Scotohply strips vunning
full length of the specimen on
top and bottom,

loading Conditions

L AB0O0 in, /b, Tarsion
= No Nending

L 4B00 in,/1b, Torsion
No Nending

-

Ab00 in,/1b, Torsion
= No Nending

L aBoo in./1b, Torsion
« No Nending

No, of Cyoles (109)
.0 to fallure

J.0 to faltluie

24,05 to fallure

19,6 to fallure
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Table 11-A (Cont'd,)
Npecimens Londing Conditions No, of Cyclon (10“)

TERLIOZN0Z-20, Spring rate = 2 UB00 tn,/1b, Torsion H.22 to fallure
1000 1b, In,/deg,./f't, Himllar to No Hending

TEH102K02<10, but bas only two

hortzontal cute, Hpar block was

mide at Pratt=loed,

JH00 tn, /7 1b, Tormion H,.00 to fallure
No Hendling

TEMIOZMOZ20, Hpring rate =

1910 1b, in,/deg,./ft, Bimilar to
TERLOZHOZ2<10, but spar blook waws
made at Pratt«NHood,

L3 B

o~

TENLOZKO2-37, Hpring rate = L As00 in,. /b, Torsion B,00 to fallure
000 1h, in,/deg,/ft,  Combinas=

tion of TEKILOZHOZ-2]1 and «dbH,

Gpar block was made at Pratt= Need,

TENLOZHOZ-30 H/N«1, Hpring rate D 0140 dan,/1b, Torsion G N7 to fallure
= 1740 1b, in./deg./ft. Three

horizontal cuts, No, IH) oloth

pandwiched between each out,

staggored glue lines with five

wrap fiberglass on L, E, and ten

wirap on T,K,

J140 in,/1b, Torsion GU,40 to fallure

L

TER10ZH0A-2D N/N«Z, Hpring rate
= 1R00 1b, in,/deg./ft, Hame
configuration am =49 H/N«1,

TEN102H0Z2-40 H/N=J, HNpring rate LU0 An,/1b, Torsion 1,06 to fallure
= IHZ26 1b, An,/deg,/ft, Hame
configuration as =29 H/N«1,

i -

TEHL09K0Z2«11 H/N=l, Hpring rate 2920 in,/1b, Torstion  Falled Invalidly
= 1780 1lb, in,/deg./ft, Bame

configuration as =11 H/N«1,



Tablo 11=A (Cont'd,)

Spocimen londing Conditions No, of Cyoloen (IU”)

TENTO2RO2=11 Kh/Ned, Hpring rate 2100 in./1b, Torston JOL,0 No Fatlure

w MO L, tn,/deg./tt,  Hame
configuration am =11 H/N=],

TEMLOZKOZ<1 ] H/ N, Hpring rate P AhT0 an /b, Tovaton JO,0 = No Fallure
= 1hab b, tn,/deyg./It, Hame
configurntion am =11 %/N=l,

TEHIOINOQ=7 H/N=hH, Npring rate Roa0 in,/1b, Tormton JOL,0 = No Fallure
= 160D b, dn,/dey. /L, Hamne
omfiguration an =7 K/N=4,

- - -
S S S




Kipen,  Frequency adjustments were made as required fop optis-
mum tuning,

Fallures occurved tn the spar near he center of the span and
were not visible until propagation had reached the fiborglass,
At no time had the primarvy orvigin been dotermined to be in the
Liberligaws,  The resonant frequency and external force were
theretore used to detect a fallure; the resonant [requency
would decrease and the external force required to matntain the
load level would increase tn the event of fallure,

A previously statod, spanwise cracks ocourred in the laming ted
wood mpar, and 1t was felt that by reinforeing the periphery
with glass structure, support would be given the outermost wood
fibors to resist the torstional swhear forces,

Table 11=A 1w a chronologion) summary of this fatigue testing,
starting with the basie blade structure with no fiberglase
modifications (similar to Figure U1=81) and continuing through
the various combinations of fiberglass bulld=up over the lead-
ing and tratling edgeon of the blade spar, Ultimately 1t in
shown that an optingm configuration s obtatned with a G=inch
to 10=inch lay=up, which signifies that 6 plies of No, 18l ¢loth
Are weappod over the leading odge or "Clsshaped portion of the
"D"smhaped spar, and 10 plies of No, 18l ¢loth close the "C" to
complote the "D" structure, The wood wpar ik, of course,
routed down preportionately so that with the glass bulldsup,
the outslde alrfoll coordinates are maintalned,  Phyrically,
the trealling edgeo fiberglans is in the form of a channel,
enclosed by the leading edge "C" wrap, It e wignificant to
mention that the spring rates of the fiberglass weappoed and

the preovious unwrappaed blade are comparable, thus ensuring the
pame order of loading magni tude for a given flight condition,
while at the same time more than doubling the blade Yife
between overhaul periods,

Original testing of the blade torstlonnl area wasn to tmprove
the spar from 1ty susceplibllity to spanwine cracking, As
noted in Table 11«1, the testing (ierst employed combined londs=
ing of torsfonnl and flatwise bending moments but later excil ted

the wpecimen in torsion only, hils wihss done beciuse experionoe
hinvd shown that flatwiese bhending had little effect upon the span
wite nheoar Tal lurs in the spiar, ol Mampered wpary tosting b
CARUBLgy alt st U L (ekin) tatluren (o Lhe form of haoridwise
CrROKR it must b Linled that guisgty fprlyvwood yaoed oGy
blude akins was not plentiful; therefore, in torsiont | aren
testing Tor spary tmprovement, inferiorsgrade plywood wis tsed

for aft stracture, thus explainiog the skin fatlures in the
previous sentoence,

11d
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The above explanation of availlability of quality plywood must
boe carvied further, In general, little trouble was encountered
with skins in service use; however, desplte rigld quality cons
trol inspection, occasional skin fatlures did occur "in the
fleld", Indications were that the oracks atarted near the fors
ward edge of the skin and propagated rapldly to the trailing
edge of the blade In the bottom skin only, At this point the
crack stopped and was discovered; or paused and propagated
slowly through the tralling edge and then rapidly through the
complete chordwine extent of the top =kin, at whiech time the
pllot was able to feel control changes and/or visually observe
the disturbance tn the blur of the whirling blades,

Fallures were judged to be fatigue, although the dovelopment
was known to be rapid, In every case the fatlure origin was
located In a region of "shortsgrain' plywood,

Anmensment of all the evidence concluded that initial) failure
wis dincurred on the ground elther during tie«down of the helis-
copter or during inadaquate tie<down in high winds, and subso-
quently propagated in flight, In order to reduce dependence
upon the properties of wood and to Increase the probability
Agalnst fallure, & tost program was entercod to evaluate ply-
wood skin reinforcement with fiberglass, Tho test apparatus
usied In shown in Figure 11«54,

To duplicate this low cycle type fatlure as it occurred in the
field, a high steady flatwisne bending (to simulate static
droop) with a high superimposed vibratory bending moment (to
pimulate heavy wind gusts) was proposed, After smeveral trials,
It wan found that a loading of « 7500 ' 0000 in,=1b, flatwine
bending moment resulted in simulating the actual fatlures,
Vartous skin reinforcement configurations were then subjected
to this loading for evaluation, Table i<l and Figure 11806
offers & condensed tabulation and plot of the resul tw,

In conjunction with the above test, slight modifications were
incorporated in the blade to reduce the droop loading, Thiw
included, aw noted in the test tabulation, a thin "Hcotehply”
plank formed into the lower spar surface, and maple stringers
which were inset Iinto notches cut tnto the rib flanges, Both
plank and stringers were taperod so as to distreribute stiffneoss
rationally,

1L was found in the course ol the development program that
the application of fiberglans had substantial effects upen
results, As fipally developed, this process involves a highe
pressure cure of a single ply of Type 120 glass cloth applicd
to both sldes of the ,070«inch=thick plywood bottom skin and
the top wide only of the ,070«<inch=thick plywood top skin
with an epoxy resin used as an tmpregnant, Retnforcement

114
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was applied to the top skin as lnsurance that solving of the
bottom skin problem would not, at some later date and after
greater oxposure to service usage, cause the top skin to
bocome critical.

Bpecimens of the "old” configuration subjected to thiws togt
exhibited fallure after as Little asn 2400 cycles at 7500
0000 in,=1b, bending, The relative life of the "old" design
A compared to the final developed configuration is dopleted
in & long=lite=probability plot in Figure 11=06, JHere 1t in
clearly seen that the crack resistance of the skin has been
mubstantially itmproved, particularly at low probability of
failure, Aw an example, at a fallure rate of 1 part in 100,
the 1ife of the tmproved blade s 270 times that of the
original configuration,
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HECTION 1
ALL FIDEROGLALL = NP INFORCED PEALTIC BLADE DEVELOPMINT
HACKGIIOUND

Am proeviously sntated, all holicopters produced by Kaman have
umed olamtlic ntructuren an primary lond=carrying nembersn in
the pervo=tlap controlled rotor,  The basic wood structunrs
originally uwed hign beeon tmproved and haw gradunlly heon
roeplaced by direocted glans fthers In the more erttionlly
mlronpod blede arean, Retoerving agnin (o Figure Tl=6, 1t In
obvioun that the oxintence of the npruace i maple 1o the
Intent nection now nerven wa a () lor betweoen the varioum
plumw FID0r olements and does not perve any primary struc
tural purpone, Almo with reference to Figure P1H1<0, 1t appenr
clonre that with w modent tnerease In glawe cloth retnforcement
around the periphery of the wooden wpar, 3t woulad then be pow-
nible to conmldor the wood secondary and removiable, leaving @
complete glawn cloth "D wection for the outhoard portion of
the maln rotor blade wpar, 1 in then Jogleally concluded
that 1t would be quite poukible to remove all the wood,
leaving only the primary load=carryling structure, namely,

the glaws cloth and untdirectional glare fiher ntructure forp
the vntlire mwpar,

The dewign purameters involved tn developing theme helicopted
bladew within the very restricted welght mite are guite
onerous ! for fostance, the centffugnl force st the root ond
of our bhlades tw of the order of 60,000 pounds and munt bhe
combined with vibratory bending moments of the ordor of

D 20,000<4nch poundw for normal flight and up to ! 45,000
fnch=poundn for whort manouvers,

Torktonal loading of the order of : J, 000 tnch=poundn cin bo
toneratod In the twinting part of the blade, and all thowe
vibratorten are continuounly applied at a frequency betweon
220 1o 200 cyclon por minute an part of the normal flight
behavior of the atreraft,

The curreat deosign requbirements entablish 1,000 flight hourns,
or tn other cawen full endurance to 30,000,000 cyclew, for the
moving parits ol a helicopter,

In the early stupoen of the blade development, oxperimental
fabricating oporations wereo unod,  Aw the technology wan
andopted and devoeloped, bottor oquipment wis obtained, such ke
n heat=controlled oven of a size big vnough to handle nrge
unttu, and the uke of many plantic and motal tooling devicon
with introduced and mamtored to augment the ortginal wood
tooling capability,
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As woon as o a geometrically and structurally acceptuble blate

wite: produced, Lthe aerodynamico and dynamic problems inherent in
any new helicopter rotor blade dosign had to be wolved by a nume=
bor of vuns on test rigs, vibration response studies, and the
attending changes In Jocal stiffness and welght management that
could be found only be detatlod testing,

At this polnt some of the attractive properties of the fiber-
glass material came to the fore, On many occaslions the existe
fng structure had to be cut into to make subtle changoes, and
the repalrs could be resntored to the strength asa endurance ol
the whole amsembly by judicious use of scarfing and joining
without lowing the Integrity of the fisal product,

While 1t may sound as 10 the goal had been reached at thiwe
point, actually the test sections had to take over at thiw
poilnt and vun endurance tests for the blades by accumulating
hundroeds of hours of continuous runnlag under high stress and
broad control itnputs on one or more of the test rigs to prove
that changes would not occur in behavior through extensive
use and that the fatigue reomistance surmised from imlividual
component tests war actually present in the completed blades,

In addition to the ground testing, a limited program of flight
testing was conducted with these blades installed on the mill-
tary helicopters opernting from the manufacturer's plant, Outs-
standing succoss was achieved,

To prove watisfactory structural ceriteria, very oxhaustive
tosts must be conducted, ospecially wince the hellicopter ins
dosigned by ftatigue endurance requirements rather than static
strength,

In many cames the stross analysis that can be achlieved In an
Idealization of the gctual phenomena and is used to determine
th wmignposts for setting up "component oriented’” rather than
"material ortented” testns,

Thin s the main reamon why actual material strength or endur-
ance datan have not been published, while statements can bo mado
precisely on the differentinl of behavior between design snolu-
tions achlieved with different materials for the same component,

As A good vxample of this situation is shoewn o Table 1110
and Figure 111=30, where some of the developments discunnoed
In chin wection are summarized,

The bending stressen corresponding to the most advanced of the

tests reported above are estimated at 2,000 pul wtoady plus or
minus 4,700 pui vibratory with a correction for fastenling
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notehen bhetnging the actunl vibiatory smlremss Lo 2 K700 prl wlt
the odyo ol the mounlting holen,

Fhe torstona ) ntresw can be asnumed to be pegtralenteady, plun
or ombnun K, 000 ped vihratory,

when such v la Wre corrtected tor modal and Lightnenn of
woedbpht o and are comparod with the allowabl for wood and aviall
able metaln, the advantiage Lo b Pound 1o the ume ol velnfopced

prhimta W e b full ftoroo,

york on than concop bt hw o culminated 1o th volopment ol an
All=pla Fibor bilinde thiwt w completoly dtnterohnngeable with
anedl g oat prer bar Lo the wooden b b

DN ELOPYEN]

vloulatior biasved wupon thee fibhor ba manulacturer's dnta and
Wi ' oxpertonce bedd to @ ompar o wection of O pllen of loth
al the rool cmd, viery in Necardinm, to npanwline tequlyementn Lo
Yopli il ha e Capprosinnte Lo ,0) e care b Logrm
I h et th Tiborrg Line Al loved the outhonrd cnd to b “"pocketed’,
" Ketohoed o e L=, to o wcvonmodn te Tendyug odpo man

rv lave o wely

d=ply covaer

y

=
el

M livnee We o nht

i=ply ban o mpan
Figure 1HE<1 . hpar Tip Hectian

Mt o mper materianl wa Pypoe T4 plane cloth with the nned
monl and outormont plis bhedng Type 1M1 wluwn cloth, An
cpoXy endn nyetem wins uned tn the wet lay=up aoperation,

e Jending odye of the mpar wan formed over a minle mold in
bt entire length Fhe tratlhing edyge of the wpar wan formed
b two mocLlanns the tnboard (thick) end, aund the outbhoard
“vlomting channeld ', Fhe cured partn were then minted with the




Figure 111«2, Original Fiboer) ' "o Lo Conm iy
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the tnbonrd wections betnyg bonded with w rabbeted jotnt, the
cloming channel, overlapped by the tnbowrd tend bing edyge out=
board end, completed the clonln, of the wpar leading cage ¢
wectton to form the "D wectdon,  Phenolye wpoolm l‘ inches tn
diameter were bonded tnto the root cnd to torm bhickeup wpicerrs
for the retenticn hol e,

The phenol e and bhoeotohply cheok plates were added along with
lencction vibs tormed am back=to<back chinnneln ol Type 1M
wlamw cloth, A SGcotehply wpline spliced 1nto a Type IHL g lam
cloth tapered tnhoavd channed forned the tendb bing ocdpe wtrue
ture, wnd u deply mkin of Type 181100 glawn cloth completed
the bantc blade wtructure (mee Figures THE=2, THE<0, nnd 111=4),

Fhiw very flent cifort din fabricating an all<pglnun blade wan
not only aesthetically appenling but with attached tlap, con
trols, hardwanre, and calculated mave balance wolpght addittons,
exhibited outntandling properties trom proltminarvy wintic toemtn,

Encouraged by the rosul ts, Kaman commenced g nerten of whiel
temtu uning the adlepglonn blnde paired with o standard wood
blade, Inttinl rans tndicated the necd for improved pitoh
wtabtbity, which wase obtatned by a wltpht welght addition tn
the Jeading odge to move the chordwine conter=ol-pravity loi
witird . Thiw wien candtly accomplinhed by removing Lhie d=-ply oult
bonrd leadting edpge balance weilght cover (Figure H1=1), bondin
In the requiced welpght, and veplacingg *he 4 plles of glann
cloth tnon wimple wet lay-up, Changes in blade torstonal

bl nesnn woere nlpo found to be necomnnry, I'him, toc, wawn
canily rectifiod by simply acdding 2 plien of Type XL glawn
cloth around the blude hetwoen Sta, s0 and 120, Obvioun here
b the groeat adaptability of fiberglanw-roinforcod plamticn Lo
be reworhed or modifled without afflecting adjscent alenn, 1o
plagtarize from o manutfacturer's publication, 1t Iw no cany Lo
"put the wtrength and stiftoenn whore you need 07, Lt mumt
be emphawized o thin o ard, however, that prerequisiten for
thin type of rework and/or modification nre proper surface pre-
paration and contamina ton=tree environment,  Much lack of con
fldence tn the e of glawn wtructuren wtomn from fad lurea
whiah can be attrthuted to the atorementioned prevequtsal ton an
woell am destpn tnexpertoence,

Following the previously mentlonod modifioentionn, (he glann.
fiber glade was tostalled on w 1,000 HP electrically powered
whiv]l rig, whero the blade strongth and sntabtiltly permitted
exploration of the complete thrunt range from 5 g olo o0 g ont
240 to H30 RPM, Oscillograph data showod the FTeathering mta-
biltty, bending moments, and torston mwoments to beo equivalent
to thowe of the mtandard blade,
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The corporate investment of this development proved so frudd
ful that Kaman wponsored further work tn glawn<blade remenro,
Fabricantion of w matchoed patr of blades capable of wotunl
flight tetnlen wan the next endeavor, Fhe mamw baluwoce snformn
tion from the firsmt blade wan “cranked o', the elastic o
ndpurtment war rade vty the form of a mobd modtIyention to v
Womore gradusd traamdtion an the npirr torslon neea, and 1
Pype 140 glaww cioth tn the wpar waw replaced with 0 he
ovrlented hootohply,  The manutacturer  upplied the heotohply
in deply tolln, which atded conntderably tn the handling of
the material by the mutunl cromn wupport of one ply to the
other,

When the fabrication, welyght and balance, torstonnl propertien,
ety , were completed, the two bladen were whir]l tested to nubhe
stiantiate thetre wtructural and dynamic wtability prior to
intttal ftlhight tetaln,  Tewt ranm wore conducted at rotor
mpoedn of 240, 200, and MO KPM, AL oach of thene npeodn, the
bladon vere wubjected to 1 og, 2 ¢, and mindimum power load bngn,
Cyclie control tnputs up to 2 0.0 were applicd at | g thrunt,
tnducing a maximane torntonal moment of * & MO0 tn,=1hn, at Hta,
Lds 0, Throughout the entire range of KPM and power, hindi
pntabi bty and treck woere found to be sativtactory, Five

hours of operation were accumulated with no deteriorntion ol
tirnch or ntabi ity obworved,  Figure =0 whown Lhe g lann
bladew tontalled tor whirl temting, Flgure b= ipn oan tnten
enting ntudy of the trannlucent ntractute ol the blnde; thi
charncterintic han become an ald In the tnnpection ol wubing
quent aren Lol wpocimons, whoere, by normal viowlng or by
viewlng with a Light trom the oppostte side of the hinde, oo
thin flaws tn bonding, remin dry arcas, cast restin poche be
cte,, can be ancortained,

Afttor completion of the above whirl testing, the bhlnden wers
installod on an atreratt for tndtial flight tetaln,  The gl
fibher bladeow wore mounted on the left<hand rotor head, while a
patr of standard wood blades war mounted on the vight=hiand wide
of the tntermeshling heltcopter, The progeam contdntoed ol o a
pround run=up znd flight evaiuntion from hover tonto transla
tionnl 1ift to a forward veloctty of approximatoly 10 knotn,
No quantitative datin wero obtatned during thin evaluntion,

In genoral, the blades performed well according to pilot
reportu; the only diftferent characterintic from the standurd
rotor wan the tncreawed wonwd tivity of the glawe bladen to con
trol movementn.,

Followtng the flight treinlen, the bladew were agntn tontnl led
on the whtel tent wieand, where they were smuaccomnntful ly aopeviatedd
for 121 haurn tn an endurance test progvam,  During thin opera
thon, the bladeon wore run at & torstonal moment of ' 0,400 1,
b (twlce the HH=-4310 high-mpeod level fHight condition ol

1 1,750 tn,-1bw,),



Figure 111=0H,

Fiborg lann Diade Whirl Test Rig




Figure 11«0, Translucent Ntructure of Fibeeglana W ade
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hamite cannigement, fooling the great poetentinl of theme bhlrden,
wpain authortzed corpornte funde to bultld a complete ship nel

of binden (two Jof t=hind and two rightehand bladen),  The
bDlinden fabricntod wore the mivme aw the previous prlr with ons
excoption:  the modifiention of the top and bottom ukine to
fnclude "bullt=in" ntringern an nkotched tn Figure 1117,
Bocuuse of the Jow modiwlue of the fiheprglanp=reinforced plastio,
the ntringers of for wtitinons to overcome the static droop
tondeney,

40 & teide T ('-" ly
I '\‘\‘(. k(( \ ) Outulde plin ply)

fnntde nkin (l=ply)

18 1 celludar colluloae neetate (CCA)

Pigure 11H1=", PFiborglanae Hlade Hkin Conntruction

The compleoted shidlp mcl of bladen e whown In Figures 114,
P att, wned 11 E=00, where the nitringervn are clearly viniblo,

Prior to flight teat trdnln, o proflight whirl tent wan cope
ducted to check struetural tnteogrity and to establinli Uhe
flutter clearance dimit, A total of four hours war run with
no dnatabi ity or wtructurnl deftelenclon occurring, he
binder woro then dnatalled on & =400 heltecoptes ftor Fhight
eviluntions (Figures 111=0 and Y11=10),

e to the tnereirned stiffness caused by the ntringery modifl=
cation, noreduction dn o eyelte controllability wan noted duttlng
Lhe early stagon of the fhight progeam, After completion ol
the Thight program, the blikden were veworked by removing two
pliee of matorial from the torsionn) woction of the spig

thepe wore reflown at the o, 100=pound welght condition, lhe
eyt pennbtivity wan thon shown to bhe eguivalent to produ
tion wood blnden
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ENBTHUM P:N'I'A‘Ll (i_N 2
Slrean and potion parmmeterns were recotded as followns

n) Nlade Statlon L4 tlntwine bending moment
H)  HBlade Station J1 flatwine benddng moment
) Dlade Btation 40 tiatwipe bending moment
d) Blude Station VO flatwine bonding momend
¢)  Blade Htation Lan tormlion moment

1)  Flap conterline bending moment

W) Collective control mtick porttio

W) FYore and aft eyelie control stick ponition
1) Livooral cyelie control ntick porition

))  Nudder pedal position

k) Pilot meat vortionl aceeoloration

1) Ship's C,0G, verticnl aceoloration (load factor)

TROT RESULTH

Nineteen Thightn were made with Lthe glanns=tibher blindoep the
iorward npeed envelope of the hellcopter wias oxplored {rom hovoel
to 107 knotw, maneavering FRight wan performed from 0,0 g to
2.0 4 load factorn, power=off autoratationn wore mhde up to 100
knotu, ftull lateral control pidewnrd Chight maneavers wore made
up to about 20 knotm, high=powar o« limbs and climbing turns were
done At KO knotn, Throe groww=welygat conditionn were flown: »
low wetght, forward C,0, condition, a novmal welght, ait .0,
condition; and an overlond welght, aflt C G, condition,

NO mtructural detervioration probless were encountored during
the entirve flight progeam of the glasss=tiher blades, nor were
there any unfavorable dynamic ptabi ity charactorintios notod,

The mennured maximum vibratory toreton msoments at blade Htatlion
JIOW wore well below the lovel at whitoh fatigue rdnout oceuwtred
on tent mpecimens and the level at which suntatned whirl temnl=
b was previousnly demonptreated on a o ground tent rig,  The
measulred root vibeatory bending mopents At Ltation J1 are alpo
weell below demonmtrated fatigue streongth capabidlition,

The bladewn appeared (o behiave tn Jenervally the pime wiy An
ptandard wooden blades with the excoptions of the gronter blade
mtroteh duo to coptedtfughl force and the higher torstlonal wtift.
noan that requlred more servost bap control dnput, Compenshtion
for blade ptreteh wan mnde by the sddition of an axtrlly flexible
control rod tamtaldled In the nonvotating collective control
aymteom Of ench rotor, which movidod additionn] wpanwine motion
of the blade control rod, The oftectivenesn of this modsfichs
tion oan be peen tn Figure 11l=1]
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Figure J11l=N, ¥Fiborglawn Bladen with Seringers Vinible




Figure 111=9,

Fiborglan: 1 iados (with Stringers) Mounted on
Jot Poworea ifll=430 Holloopter
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Figure 111=-10, Fiboerglanm Wladon (with Btringers) Installed o
Helicopter for Flight Tewt Kvaluation
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Standard production wooden blades have a torsional spring rate
of 240 « D08 Inoh=pounds /doegree, while the prototype glass=
fiber blades had & wpring rate of 06 « G800 Inchspounds /dogroe
during the first part of this flight program,  The added tor-
smionnl mtiffness made LU neceasnry to apply more collective
flap to produce the same thrast at a given rotor speod and
more eyclie flap to produce the same control moment st a given
rotor speed,  This slight reduction o controllabilitly wen vors
rected by the reworking done on the prototype glass<tibey
blades, which reduced thelr torsionnd stiffnoes o J04 « 014
Lnch=pounds degree,  NHelloopten recponse to control tnput
Alftor the working was jJudged by the pilot to bhe as rapld we
with standard wooden blades, A standarcd HH=A00 will normal ly
Altiin 20 = AW knotes mideward Flight st full Inteoral control;
the glans blades were limltod to I8 « 20 knots belore working
and renched 23 « A0 knotn after reworking, Full«pednl and
partinl=podal hovertayg turns showed thet the glape blnden have
Mulfficient control power Lo meot the directionn! requirements
Bt forth tn MiL=H=HLH0O1 (Geneoral Requivrementn for Helicopter
Flytng and Ground Handliog Qunlition),

A roduction in vibretory flap hending momentu and vibratory
biade Station 1IN tornion moments wiaks aluo renlized by the
roworking to lower torsfonnd stiffnenn, bocnure lonn cyclice
tlap deflection wan required to provide the mime votor rewmponne,
The vibratory root bending momentu at Htatton 1 were not mignie
fleantly shanged by the stiffnews change and are within the
range of current wooden blade data,

The comparinon of vibratory londs Fllumtenteod fo Figure =00
and L1E=20 dn nomewhat deceptive, because the test hellcopterp
used for the standard blade compunrison war not equipped with
the more recent 609 sngine tatlpipe that reduced the amount

of longitudinnl teim required tn forward fhight, A basin tor
comparison oan be obtiined by noting tn Figure 1HT=21 thiant the
vibratory blade root bending moments at Htation J1 nre roduced
GH% at 100 knote by the addition of the GO tatlpipe and thint
the vibratory flap loadw and blade torsionn. moments would fol-
low thin reduction, Application of thie corrvection to datn in
Figures 111-20 and 111=80 phows that the vibreatory londs for
the glamu=0{iber bladon are about the mame ax for the production
wouden bladews,

It i tmportant to neote that the ftatigue 1ile of the prototype
glammn=tiber bladon tu about three timesn that of produ tlon
woodon blades at the mame torstonnl moment levels, bawed on
fatigue tentn conductod by the contractor on tornion arem
ppocimens,  The glaww binde contfiguration "after rowork"” cor-
rosponds to the torston aren ppecimenn tested,
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Wlade root flntwine bending moments wt Station J41, both steady
and vibratory, agreeo vory woll with those of the ntandard pros
duetion configurstion, am Sllustratod in Pigures §11=10 and
HHi=21 . Benoing moment dintedbutions along the blade are aleo
phown In Flgures 11«18, 111=10, and J1l=14 at the three pgrows
welphte flown, Another checkh on the flatwise bond g moment
comparinon can be obmerved in Flgure $11e27, whore the ong b
diftoventia) torque pressures for the two types of blisds nae
peen Lo agree guite woll, Since both rotor configuratlons nr
Abmorbing the wame vngine power and they mre cimdblae bn minpn
dimtretibution, flatwine ptiflinenn and perodyiuwmicr, the L
and conterdtugnl force distrtbutions are the same; hence,  the
ntoady Yoot bending momenter wite the wame, Ny the sine Pepnofe
ing, the trim moments applicd by the vrotor munt produce the
mame vibratory root bending momentes,

In order to appenn the vibratory charactorintion of the bhlnd
and thetr effect on the helicopter more completely, a 24 point
Fourfer annlynin wiar done on each blade parametor recorded to
oxteract the firet four votor hrmontes from the vibratory Joad
inge, The total vibratorionw vore aleo rond weparately ftor
poeloctod parameters of Intereost,

The vibratory flatwiswe bonding momente al fouwr wtations nlon

the blade are presontod by hnrmondee in Figuren =10 throu
1i1=10, where Jt can be pecon thnt the d/rev. component im th
most Migniticant and W typical ot & twos=bhladed rotor,  Total
vibratory flatwine bending moments are plotted to Figures 120,
[11=21, and 111223,

Vorticonl accelerations at the pilot's ment wore aleo reduced
to four rotor hnrmonlen to evialunte the contribution of eich
hanrmonio component to the total vibratory aceeleration, Fh
resul tn can be ween in Plgure 11H1=28, where the mijor compu
nente are d/rev, and 4/vev,  The total vibreatory levels at the
pilot's went wre wlightly lower than those of the product ion
configuration st the higheppood end of the flhight envelope fog
the prototype glaxn<tibor bladesn aftor they wore roworked to
roduce torsionn) stiflfnenn, The leveln with the plasn hladen
inmtalled bofore roworking nre slightly higher than production
loeveln, which demonntraten the tmportance of  prover tuning ol
the blande torstonnl nntural frequenvy,

A typloadl time hintory of the mild mancuvers which wore pe
formed In prepentod tn Pigure 1H=30, the n=knot cyclice and
collective pullout gane s Lieted in Table 1THl=A,  The mineu
vers Listed tn Table 111« are thows pertformed alter the blade
roworking wihe anccomplished,
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Husmary of Maximum Moments recorded in Mild Manouvers and Cyclig
Flavesw with the €, 0, located at Htation 1234, Gromm Welght an noted
All manouvers wore done at 200 IPM kotor fSpeed,

NEFORE TORSIONAL NTIFFNENS REDUCTION

Htntton 91 Hiation 1M Flap ¢
(romm Htoady Hteady ! itondy MAX

Manouver Wolpght \Hln‘ntnly Vibratory Vibrantory .u'
Cyolle & follec
tive Millout 64100 8,200 2 H,000 nOO ! (0 HOO ! 75 1,00
G0 Ktm, HR00 HOO 27,000 1,200 ! h Ih0 ! 2H0 1,60
Cyolie & Colleoe=-
tive Pullout 100 =5, 100 2 10,700 1. 100 ! KOO l,0h0 DO ), hd
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Cyclie & Colleg= .
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dummary of Maximum “oments locorded bn MELD Mineuvers and Cyq 1
Flares at & Groms Welpght of 0,100 pounds and ¢, G, at Station
‘lo'w'ln _'“"“,

APTER TORNIONAL HTHEENLLG REDUCTTON

Siption i) tation 12M } lul‘ ‘9
M x Pendy 4 Vtendy _: tondy
Manouver G Vibratory Vibratory Vibrntoo
Cyclte & Collo
tive Pullout
0 Ktwu ] MM T T I TS YR T Y v K87 * 2,010 1ORT ! 741
Cyelte & Collo
tive Pullout
HO Ktm, 2,00 R b 100 10 |, 68 Ry
:;' Cyclice & Colle
[ tive Pushov ol
70 Ktw, T AN 24y ! d1h | % | L B4 by 0
Cyclie Pushover
JO Ktw, Y o, 206 M 14 T I A0 oS GO
1O Ripght Podal
Hide Hlip
HO Ktw, 1,00 210 NTIY /4 IV VN BT
10008 Left Pedil
S1de Hlip .
HO Kitn, N M0 V,R2750 vooans (AT 129 KK Is)
Cyclto Flave
A0 Kt 1,20 17,207 G, Hn | 2n Lo, oM 415 1 400

Cyclie Flar
00 K, 1,20 d1, 0904 2 0, 27H ' an ol Hhoo - 64 2 200




BLANK PAGE



The prototype glusw=!thor hladon completod the THight program
In oxcellent condition, and no problems wore fncurved by the
une of fiberglans-retnforced plastic an a4 sntructural material,

On the bamis of the wtratn data takon during this flight pro=-
Kriom wand the parsllel fatigue tenting of specimens, the proto
type glanw=fibor bladen roprenent a substantinl itmprovement
over the current production wooden bladen beciune o the pgrenten
fatigue ntrength of the glams bladen,

Further temt and devolopment work has bheon done on arein test
npecimonn, A tendency for the root end holt holes o enlarge
undor high=Jlond=lovel fatigue conditionn wits eoliminated by
premwing tn nteeol bushioges vo e to Increiane the projectod aroci
of rowleting glane ntructure, A flap bracket Aren specinen con
tatning honeveomb fillor hetween ibhe in the tnboard brackel
roglon ancorued 16 x 10" eyvelen before the tent was tormingtod
due to a fallure of w metallie hauvdware part, lond lovoels at
the flap centerliine for thin tent represented modera te maneay e
conditionn,

Blade contrifugal torce 000 1 h,

Dinde bopitng DO s, =1h,

Flap contrifugnl torce o460 1b,

Flap bending = GO0 ¢ L0 In,=1h,

Torston mpecimenn with the Scotehply spar and vavioun conl igura
tlonm for aft structure have alwso boon tnventignted, 1ncluding
rib tntercontals, tiberglanue honeoycombh of vartous cell wizon,
and aluminum honeycomb, A wmpecimen uwing ‘=tonch coll wluminum
honeycomb wias mtatic testod and then fatigue testod to 00 x oY
cyclew without fallure undor a conteifual lond of 18, 000
pounds, a torstonal vibratory lond of + 0,000 tn,=1b,, wml n
flatwine bending moment of o+ 340 tn,=1bh,  ‘Thin torntonnl londe-
fng far excoodn the runout value for wooden bladoen,

Figures 111=30, 111=0]1 and 111=042 nhow typical tent plote of
the ntandatrd woodoen blade as comprred to the tmproved all-
glawn fiber blade,

Figure 11100 reprovents the lowest mean curve for retention
AreR parts, It i woen that the wooden blade with the original
fiborglane cloth reinforced choek plato wan more criticul than
the woenkest hub herdware, The blade wan, of courme, fmprovoed
an wtatod previously in thin report; and finnlly 1t tn Hoeon
thnt the all=fiboryglans blade root end with the laminntod
Seotehply chook plate excoedn the capabllition of other reten-
tion hardware,

Figure 111301 mhows the minimum 11fe curve for the torsion
aron of the production blade,  Hecalling that the problom with
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the wooden hlnde wamn the mpav fabluren, 1t s here shown that
the fiherglann blade npar "ran out” at projected load lovelws
highot than thowe at which the woodon spar fatled,

Pigure 11108 given the mean curve for the flap hracket aron
of the ntandard blade, Thin area han not been troublewmome
even with the standatd wooden blade, but here agatn the glamn
Cihoer blude whows at leant equal capabiltition an ovidenced by
the test “1Tan outn ',

A chronologlead summary of the glans blade development tn nhown
in Teable 1H1=C and Figure =000,

DAMAGE FROM SMALL-AML K HE

OF recent tnterest in heltcopteors e thetr valnerabilily to
mnll-armm flLro, In thin regard, Kaman tonftinted o test Lo
determine the damaye offoct of bullet "hite” upon the rotor
blindon,

The test waw conducted on a torntonal aren speciman unlng 10=00
ball ammuni tion, A 00 calitber vifle was mounted tnow vertionl
plane above Lhe wpecimen, to which was applied a contettugael
load of 26,000 poundw, At excitntion, by mennn of nn olectro-
migne tic shaker, wan aluo applied to produce vibratory flatwin
bending i torstonnl momentn upon the nwpecimen,  Obe round of
ammunt tion wan firved Lo the oncibiatidy blade, which maintuined
1tn loading for a short pertod after the firving, to detormine it
rapld propagation of the break in the npecimen would result,
Thew procedure was repeated unti )l five rounde hnd plorced the
blade two I the wpne, two tn the aft wtructure, and one it
the Junction of the wpar and aft sntructure,

At the completion of the firtng, the Y'ade npecimen wiar wube-
Joectod to n wusntalned run at the followlng londn

Contrifugnl force 26,000 1b,
Tormtonal moment = 2,000 In,=1h,
Flatwine bending momont & 1D tn,=1b,

The centrifugnl lond represents normanl tlight load, while the
vibeatory tormfon londing exceods the flight moasured valuen
durtng high-speod lovel flight, After IH2,000 cyclon (equiva
lont to nearly wmix hourn of fltght at the 2/rev, loading), a
funilure tn the tent fixture terminatod the tont,

Pontl=tent tnupection of the wpecimen covealed no propagntion

or delamination tn the daemaged area,  Flgures T34 and 1H1T=00
show photographe of the blade mpectimen after the tent,
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Note

Table 111=C

Load Ortented Glass Fiber Construction in Kaman Rotor Hladews
(Chronologloeal Summary of)

Development
Completed SBtructural Desmcription Proven Endurance Limit
1960 J/8" thick No, 102«114 glans cloth o 1,000 tn,=1b, (flat-
platens wise bending)
1966 17K thick (SAE 4100) steel plate 4 19,000 in,«1b,
1067 Y/ thick No, 162«114 glass cloth + 26,000 in,«1b,
plates plus 1/8" thick Scotehply plate
(unidirectional glasw fibors ortented
4 209 to mpan axis),
1uhe S/ thick No, 162-114 glass cloth 4 45,000 in,«1b,
plates plus 178" thick Scotehply plate
(unidirectional glass fibers ortented
v 20Y to wpan axiw)., No, Il glasw
Cloth whear channels,
1ehn Hpruce=Maple« OIH" steel cap spar S 1,300 yn, - 0h, (torsion)
| RURTH bpruce=Maple 1,015 (1 layer No, I81) 4 1,700 in,«1b,
plaws cloth "C" wrap +, 018 steel cap
1ubH Spruce<Maple +0680" (6 laye s No, 1M1 4 2,100 fn,~1b,
glans cloth) "D wrap,
1960 B0 (18 layers No, 1KY glass cloth D" (Approx 3 2,100 tn,=«1b,)

(June)
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Development
Note Completed Structural bescription Proven Endurance
K 1960 20 in, (12 layers, unidirecitonal 4,000 dn,=1b,
(Cont'd,) 1 20Y to wpan axis) plus (1560 in, (No, -

Augunt Il glawsw cloth) aft channel
Note: 1, Affected Nlade Reglon = Hetention (Gta, 12=00)

Table 111<C (Cont'd,)

2. Aftected Blade Regton = Torslon (Gta, Hd=1H0)

Limit
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Figure 1Hl=0d4, Fatigue Teut of Dlade Beotion Damiged by Rifle
Fire

Figure 11106, PFatligue Teat of Blade Seotion Damaged by Hifle
Fire
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CONCLUNTONY

From the expertence gatned wi Ch flbheorgliaan relnforcoments of the
highly ntrewped hellcopter wooden rotor blades, the co fldence

En o lamw wtruotures du apparent by the Kaman corporate fnvemstment
of nearly $400,000 to fabricate, tewt, and develop the alforesdin
cummed nll=glapp fiher rotor blnde,  The teating done thum far
hinw authentionted the bellet and contidence in the use of flher-
glawm for primary lond=carrying memhors,

Much mofe testing can be proposcd; however, neceppdly for
tinancinl auptority hns precluded the gathering of further
destrod datih nt prement,

Additionn]l Flight mtratn meamu cmente along with quantition of
fntipgue testn whould be completed to wubstantinte ptutinticnlly
the sntrength tmprovements am menticned In thin  report, Matn
toennnce nbumen and ground handling problems can be thoroughlvy
invertigntod Lo further prove the capabi ity of the all=glapm
blade an n practical operational component, A test program in
wino needed to mubject this blade to the completo gamut of
wolhther conditions, tncluding the influence of extreme atmops
pherio environments and the effeols of all forms of precipitae
tion and abramive solid particlen, oto,  Damage from wolkpone
fire 4o to be tnvestigateod more completely for military applicn
tionw, The knowledge gained from the upe of fiberglown in n
complex wystem such aw a hollcopter rotor blade indiontoen
unlimited potentinl for use tn other demtign nrenn whore welght,
mbtrength, and endurance are prime parameters,
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WUCTION 1Y

EVALUATION OF THE EFFRCT OF WEATHERING AND
PROTECTIVE COATING BYR'TEME ON A P INERGLAKY =
KEINFORCED PLANTIC HELTCOPTER HOTOR NLADE SPRECINEN

HUMMARY

Av 0 result of the foventigation fnto the effects of I8 month

of outdoor exposutre at Nloomtield, Connectiout, It apponrs that
Piborglone wpocimens o Hlades of pimidar depdgn and fabrtontion
techpique will maintain thelr elantic propertiesn for long pertodn
of oxpouure under load,

An oarly change dn deflection of the wpectmen obuervoed durlog
the fLent throe monthe war attributed to the neod for pont cur
and famtor sottiing,

Aftor the IB=month oxporsure period, Delioto Super Xoropon Fluid
Hemtptant Conting and the alumintzed noryldic lacquer fintuhons
withutood the elements and remidned in good conditfon on the
top wurtace,  The epoxy antiptatic conting and Che clonr ur
thane epoxy varnish were eroded to a condition where minute
fihorglann "Tuer' wan ovidont,

Fhe unprotected murtacen hnd the vesin completely eroded away,
oxporing the Ciborglawe mtrands,

The bottom surface, being expored primerily to motuture hut
not to erowtive offectn, whowed no evidence of deterforation
on the protected or unprotected surfaces,

TEN'T INFOUMATTON )
Undoer corporate pponsorsbtip, a rosearch program wan undertaken
to butld a fixture, oult=of=doorns tn an expored looantion, upon
which a fibherglams blade mpeoimen could be canttleovor mounted
and obmpoerved under the influence of wekther under a droop
wolpht,

During the fiherglann blinde devolopment program, several (or=
HION KEron wpecimensn were mhde,  One of thewme wpooimens, which
had fatled at 20 x 10" eyolon under a torsionn! excltation of
v 3,420 In}ilt-pmnum (doveloped tormion aven spectimens ran out
to D0 x 10V cyclen), wan repateed and amsigned for thiw
woRthering test,

Four differont contings were aprayed tn 10=inchswide Avean on

hoth widen of the blade wpeocimen, with approximately 6 tnohoews
botwoon the comted areiaw,  Burface proparation vonsisted of
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nolvent wiping, abrading lightly with No, 180 emery paper, and
wolvent wiping again to obtain a olean marface, The contings
uded in thin tent wore:

1, Clear Marine Urethans Epoxy Varnimh,
Milloer Btephenwon Chemionl Co,
Danbury, Conn,

Application = 3 crosm oontm

d, RH.E, 100 Kpoxy Alroraft Antimtatico Conting
Mioro=Ciroutts Co,
New Buffalo, Michigan
Applioation = O3 orows contwu

J. Defioto Buper Koropon Fluild Remipmtant Conting
Detioto Chemioal Conting, Ino,
Philadelphia, Pa,
Appliontion = ) orown cont (.0 = ,7 mtlu) No, 101000)
primor
= & oroun oontw (1,2 = 1,8 miiw) No, J008080
white epoxy eunumel

4. Aluminived Aorylio Lacquer Finiuh, per Kaman Afrovaft
Bpecifiontion (=102 Code Wl«1, whioch im;
1 cont of wash primer per Mil-C=8014
l coat of lroquer primer per MlL=P=70ig
& contn of norylic=nitrocellulomne leoquer per Vile=l-
LDOHW7

B, Preswure wennitive Polyethylene oronton resintant tapo

Wl0=4nch thiok)

Minnewmota Mining & Manufaoturing Co,
Bt, Peul, Minn.

Application = two plecen 1 foot long by 4 fnchen wide
wore plaoed on the lerding edge, No
senlant wan appited to the expomned joint
odgon,

Parfodio fnspectionn were made and ntatio deflectionn were
recorded during the exposure poriod from 1 June 1061 to 2
December 1004; theme are shown in Figure 1V«3, The onloulated
ntiffnenun for the composite wpooimen, (K1) compomite, wam I3
p“‘ .

A pormanent wot of 2=7/8 fnches rewulted with the specimen
londed am shown in Figure V=1,

Figure 1V=] flluntraten the test metup,
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Pigure 1V=1, Glaun Blade Expompure Tewt Hetup

In the unprotected nrean, the upper waurface wian wpeverely eroded,
an Boeen In the photographie reproduction (Figure 1V=1d), The
murface rosin hnd completoly vaniwnhed, loaving expowed fibov
Klnpu ntrandw from the outer ply of the laminnte, There was no
dotorioration of the unprotected arean on the hottom surface

conting L. The Yrethane kpoxy Varnimh wae almont completely
oroded from the upper surface, with moderate disintegration of
the epoxy resin 4n the laminate wxposing fibers from the outer
ply., There wan no evidence of deterioration on the bottom wu
fl(‘t“.

Conting 4, The R,8,K, 100 Epoxy Afroealt Antintatic Conting
exhibited moderate orosion by a henvy chnlky remidue on the
wurface, «hioh upon removal brought out the outline of the
smubstrate glasw fabrico, The bottom wurface appeared to be free
from doterioration,

Conting 3, The DeSoto tuper Koropon Fluid Resintant Kpoxy
Conting mhowed but slight chalkiness on the upper surface,
whioh when polimshed wlightly was restored to ite original
mheon, Here, again, the bottom surface wan found to be free

from defect,

Cuutlnr 4, The Aluminized Acrylic lacquer Pinish alsgo whowed
A wlight ohalkinesn comparable with the Deioto coating. Upon
wiping, & hard, nondeteciorated swurface wanw revealed, There
wans no deterforation of the lower surface,

e ahove contingm were then mubjeoted to a dry tape adhesion
tent wimtlar to that of mpecifioation MIL=F=1HA0A oxcopt that
o paint murface wasn dry, All of the finighos exhibited a

vood adhesion quality,
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The polyothylene erosjon=ronfutant tape experienced no deters-
foration In ftwelf; howover, with no wenlant appiled to the
edgon, the tape eventunlly did meparate at the edgon from the
Klawn=blade wtructure,

DABCUNELOY

1t onn be convluded that conting mymtemn oxist whioch fuliy pro-
toot fiberglans=blade (and other glams=laminatod) struoturos
from oxposure to the environmental weather conddtions am
ansocintod within the extremen of the test area, This does not,
howover, mean that the contingn temtsd would or would not
oxhibit wimilary resul te under flight eroxion environment,

Tt 4w further concluded from thin mingle fnventigation that a
fiberglasmn blade or wtraoture of simtlar doslign and fabrioation,
whon oxpored to mimblar environmental conditionn, will mtabilize
bt olamtic propoertien aftor a period of time and amsume no furs-
ther permanent wot, thereby reaching a ceopoatiable wtatle dofloos
thon, 1L tm folt that additionnl envirvonmental testing should
be accomplinhed befove conolusions can be deawn an Lo whether
the tndtial droop and/or wet te & function of dowign, fabricn
titon teolntque (pomt cure), fanter mottling, or other phonomens
A nn tnhorent charaoterintio of the fibergladn opoxy laminnte
MAnNg procoms,

The environmentinl test specimen fw stored for the purpowe of

gndning valuable data on the effects of wonthering versuws
fatigue tntegrity through powsible future testing,
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BECTION V

EVALUATION OF A ONE=PIKCH, 'TWO=NLADKD
TALL ROTOR SPAR OF DIRECTRD
FINDERGLANE = REINFORCED PLABTIC

NUMMARY

A tail rotor dentign appronch proposed by Kaman Atroraft offers
the potential of n completely meintonnnce=froe unit, Toete
boarings and control rod endu allow relative motion o surfacens
of Teflon and therefors hiave no lubrication requirement, The
orfented glasm=ibor upar material, which tw contdnuoun from
Lip=to=tip, tm molded fnto an elliptical croms mection on
vither uide of the contral hub and provides mn sffective olan
tio pitoh wpring. The Indaced tatl=rotor pttoh, whioh in
purely collective, tuw accomplished by torsionally defleoting
thin swection, and no piteh benvings are required (pitoh hears
(g hinve been a potential trouble mpot tn all heltvopterms),

Other loadings carried by thin section are the flatwine bhende-
g, edgewine bonding, and contrifugnl foroe, The principal
bending and contedfugnl toroe wtredpes are normihl slressen on
the net orows section, while the piteh change caunen mtondy
sheatr wtrommon whioh are maximam whors the minor axim of the
ollippe tnterdoots the surface, 1t 4 the conracteristico of
the material that normal wtrenses are carriod primacily an
tonsion in the filamonts of glawn, while shenr stresnes are
rencted tn the plantic materix, Hhoar and normal wtressen are
therefore not combined in the usunl fashion, aw tn o tropice
muterinl, The analysis shows mergineg baked on both shenr and
norminl strews conmiderations,

In & aterinl whowe properties have vant variantion for the
orthogonnl principal axes, ths mode of failure for any general
loanding will be greatly influenced by the ortentation of the
axer, 1t hiaw boon Kaman's experience that matecinl of the type
uwed for tafl-rotor mtracture will normally fatl Lo whoar only
in planes ndjncent to discontinuoun fibers, For this reason,
the tall=rotor demign providoew a continuoun path for fibers
from one blade to the other, and permits terminations only in
the outhoard blade wections where loads are reduced, Normal
loadings of tnboard mectionw mhould, thorefore, develop the
full potentinl of the untdirectionn) glaww f1lamont material,

Btruotura! mombors wore coputruoted and tested for comparimon
with analytiocnl data, Although the specimens were not ocompletely
homogensous (tho mection was formed from three precured lami-
nntow of feotehply seocondary bonded together), the test fnforma-
tion which follows shown that the twisnt anglow applied with
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uthtio Jondmw are more than dnnhhu thint requibrod; the futigue
upoctmen war run out to 10 x 10% cyclen nt mix timen Lhe
dowtipgn lond without fallure,

Dowordption of Tatl lotor

The tatl=rotor ammenbly hap two fiborginme bindow with an overs
ML dimeter of b feot and & ohord of b tnchesn with a 18 percent
thioknessw ratio,  The matn mpae hine a "C" weotton with a molded
chinnel which completeos the member to make Lt n typtonl "b"
uphr,  The att portion of the structure (6 constructoed of
chrved glamp=Liber honeycomb bonded hotween pgliumm=tibhor wkinm,
The outer layer of wkin laminationm tn weapped ontirely around
Lhe mpar and i box to form a wmooth, continuoun purface,
Townrd the root ond of the table, the layers of wkin are
gradunlly tnoreaped to form the required reinforcement for
shoenr lond path from teatling edpge to wpar,  Piteh nrms extond
forwnrd to attach with the control links, The tnterconnecting
hub region iw plerced for a ceontoring gulde which affords con
trol rod pammage, The rotor deiving mochanism fu a wteel yohe
which olampr agntnst the flnt phenolio pads shown In Flgure V=2,

Both tipn of the bladon are clowed by f molded tip oup to tatr
the end ribu, The londing edyge of these tip capi du coveoroed by
pmill stiainlopp=ptool nhioldn, Undoeor the tip capu, two mpane
wine holesw with threaded tnwerts are provided to permit addd
tion of umall wotghte for finnl blade balance bofore finnl tip
cap fnstallintion,

Figures Vo) and V= phow sketohes of the propomned tatl rotor,
Towt Information

To wubstantiate the caloulated data for the propowed tatl
rotor, a merfon of touts were conducted, The test mpecimonm
wore conmtruotod of moenofilament glaww fibhers with an ellipti
onl cromn wection smimulating the tatl rotor ptteh wpring neos
thon and wet up tn wtatdo and fatigue test Fixturesn (Figures
Vell and Ved remnpectively),

In the static test, the mpecimen was pubjoctod to a Wimule=
tanoous axtnl load of 1,400 pounds and n torstonal moment
applied aw w couple, Figure V= tu the plot of torque versmus
twint, whove $t tp ween that up to 31 degrees (twioe the maxie-
mum expected value), A Mnear rate of 24,0 dn,=1lb, per degree
ooours. At thiws po‘nt, the slope then changen to A wolter
Linear rate of up to 42.0 degreen where the applied torque ham
renched approximately 1,780 in,=1b, The plot 1w twice the
aotunl apring rate, wince two torstonn! wection specimens wore
torted back=to=bunok, 'The knee, or break, in the wlope in
oxplatned by the partial fatlure of the secondary bond betwoeon
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\ 1 = DBANIC GLANN FILAMENT
[ NLADE BTRUCTURK

1@" 2 = BLADE PLTCH HORN

J = CRONN DBEAM, PITCH
CONTHOL,

Figure V=1, Klantio Hinged Tatl=Notor
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Figure V=2, Klantio Hinged Tatl-Rotor

170

f_—



the laminstes of precared unidirectionn) Heotohply, 1t must bhe
emphamtzed thint there wes no Intesdaminar fatlure of the Nootohs
ply, and deflecting to larvger apglen wan not acl teved only
bochure of test equipnent Limbthtionn,

The ealewlnteod spring rate of 02 tn.=1bh, por degres wian baped
wpon i nhent modulur of L8387 x 109 pat, deducted from thine-
mholl tenttr o The difference tn seotdon and attendant steatn
rnton and the Inck of homogenetty of the wpecimen wre probabloe
nourcew of error; howover, the lower ptiffneus Ie advantageous
in thin cnme, pince 1t Jeades to Jower control foroew,

The truly wigntfioant contetbution of thim test din the value

of  the wppumed ultimnte whonry strenn,  Known published informn
Yion on shehr streompnen for unfdirectional Ciberglammervolntorom
plastic appears to be Timftod to the bloeok shenr or tnterlamine
phenr tort datn, whioch of courne yloldas very lowv valuen (lowpp
thisn 6,000 prd),  However, tn thin torstonnld shenr application,
L dn o mhown that the assumed value of 346,000 pul for the ultie.
mto phorr strength used in thin anklynls tn quite conperviat v

The dynambce program produced wdmilar posttive repults,  The
prodicted maximam tatl=rotor viberatory odgewine moment wi
L iy edh, whth o a o steady contrtfugal lond of 0,400 1h, I'he
Fatigue tent war carrted out first at 4 1060 dn,=1h, and then
aL ot U000 dn,=1b, with the wteady 3,400 1h, H)ﬁlnl lond; bhoth
beveln resulted In runouts, that e, 430 x 109 gycles, In an
attompt o promote a valld tallure, a moment lovel of L KOO
in,=1h, wmx induced on Cthe wame kpecinen; Lhin, too, ran out
to 30 x 100 oy bep, an plotted in Figure Vet, The stralnk at
the potnt of maximum hending noment hwsoctntod with the above

‘unm wol'e |

Ntondy mtratn due to centedfugal loadging 1,440 micro
fnoh/inoh
Vibratory ntrain for L 160 fn,=1lb, run . 2 400 miaro
tneh/dinoh
Vibratory wteatn ftor 2 000 dn,=1h, run = 4 HOU mioro
tneh/ineh
Vibratory mtraln for 2 800 in,=1b. run w1 0an miore

fnoh/4inch
The vibratory steaing when wuperimposcd over the stoady value
of courne give the maximum and mindmum s train exourslons oxXpors
fenced by the wpecimen,

Visual oxantnation and olootetenl monttoring devioow wereo unabloe
to determine any evidenoe of fallure tn the specimens,
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Figure V=3, Tajl=Rotor Torsionanl fHection Htatio Tewt
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DIBCHWN TON

Although the operating conditions of 4 tall rotor are not
fdenticnl to thowe of a midn rotor, they ave bamienlly miat b
with repgard to hitnges and fatigue vequirements,  The tend
resulle have tndicnteod that thin pame barie peinciple can hoe
applied not only to tuil rotors but to main rotorn an well,
hut would of cource requilee additionn ) demipn mtuady and ovinlune
Lion,

B of the advantagen of directed glans [Abhorm over metunl )i
pltructure are

High mtrongthstos=wolyght vatio

Ureantly Smproved tatigue chanractorint b due to roduced
notel menmitlivity

Damping ol vibratory ponbke
Exporure and modmture restistoneen
lowor tooling comin

Froedom with vegard to placement of fibhers 1o nenper Lo
provide grontor swtrongth dn the load paths required foy
optimam structuron,

The abovesmentioned advantagen coupleod with round englneering
undors tinding of the problems tnvolved and the ability to uwe
directod glasw fiborn to thetry fullest extent tndicate that
Kreat potentinl oxtmtu tn the destyn of an elastically hingod
rotor hub wmyutom,
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DLCT IO VI

V/STOL ROTONROE DEVELORY

HACKGROUND

Fhe Kaman K=10l (wee Pigure Vied) dw oo twdnechobnod, tiltewin,,
vertdonl tako=ott and danding (Voo o) vapedd thl abreentt
doveloped Lo mtudy the capabibittos ol dbre Loy Lo o ooy
(rotospropeller) and the oflective OF the Ll tewing 1ot

prop combinntion,

e rotor development wtudy mtaetod 1o 105

femt v ground tenttng witn done dn Jboc=1n v thon
tenmlbi ity temting ol o iy v le proto b done
|“.". ‘l .l".

The mireral t o wiae desmtpgned, o faber o ation wan comp e tod
in oo,

Grownd and wind=tannel tewbing took place at buwman and at NA D
(Amew) In 100l=1p02,

Batn vreduction and sobud For furthery appliontion ol the
ol tn nre bheolog cherrtoed on st the tine ol thi Wil Ly

Thiw alreenlt wian cquipped with mivny fiboyg b bPambn Cosl v
puch am the wplnners, adv dndol taletngn tor the powerplnnt
nacedlon, and othery mecondary mtructural applicatio vl omud
wnpplications were veory citoctive and prosmontod no troubd b
agperation thedr mtudy e conntdered roultine and no veport |

mado on thely porformanco,

The primary mtructural vmen of fiborygbone Fambng b we e ey e el
to kolve prablems of mtrength, welght, and onduvance b the
rotor myntem and are the mubject of thin veport,

WUMMARY

In the development of the kaman k=il votaprop nystem, oxten
nive tenting wivw dono on both the whiel vy, which fmposed
notunl centedfugnl ftorce and nie lomde, and on the Plap fatigue
topt mtand, which wimulated the contrifupal force wnd bonding
nir londn,

A totul of 04,0 howrsn war accumulatod on the whitel vig, ol
whieh 40,0 hours wan creditod to endurnnce thne Tor planned
control tnputs, During thin time, the pglapep-roinforced reten
titon of the rotor blnde crepted no prob lopns The control flap,
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Figure Vi=1, K=lulb Experimental V/NTOL Atroratft
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however . requirod weveornd nodificntyone of la redntoroement
botore boecombng, noceptuhle,

Fhe vunndng o the Tlap fRtigue winn concurront with the whirl
Vi operatlion Los e,

From a vildid twtluee nt 2,00 x Dt cy el linsy u‘l,!lm'u:rn,nl
nodifiention bheroupht the endurance lile to 4,70 x 109 eyelon)
here the tulluve occorred outsdde the relntorcement, A fianl
ol bention wivm mivde, mnd thepe flapr wore usod on the pirs

vt b i ol lepcnlo windstunned tewstn,  The tente accoumala tod
L howrs, or wlipghtly over | 1OY cyelon, with no perceptihl
delrimental indicationn,

thtoment of Problom

The contipgurntion entabliphed wite # three=bladed votor havin
W o lh=foot Q=tnoh diamoter with Id=inch=choird blandown, The
syntem witn Lo operate at /20 rpmoand to devedop L, 200 poundm
I thrust b viveh of the two rotoprope,

]
To produce the heltcopter type of control with eyelie and
colloctive aotuntion, a control flap acting aw an atloron on
cach propedler blade bw uped,  The wubnerged flap s DO porcont
of the blade chord amd covers the outer 432 pevcent of the
hilndo wpan,

e dittieultion tnvolved with the denlgn configuration and
opernting condbtions wre the high epm and vehicele manouvers
which dmpGre veryv high londs and wtresnen on the bhlador and
Clupre,  the bladow must withstand a centedtugnl force of

L, 000 1h,, an vdgewise bonding moment of 6,000 to,=1b,, and
notlatwine bending moment of 20,000 in,=1b,} thewe comhine

Into w 12,400 tn,=1b, Limit bonding moment at the root,

Fatigue requirements are the ktondy odgewine mement of 1,000
bre=1b, with a puperimporscd viberatory msoment of Doa2,000 dn,=1b,

The Mphtweltght control flap, occupying the outer portion of
the hitgh rpm blade, must resint o contrifugal torce of bH,260
b, and endurance londtnge wuch aw a stondy bendiig moment of
(20 An,=1h, with a supcrimposed vibratory moment of 2 740 fn,=1lbh,

DERCHIPTION OF PARTH

hludon

The nirtod) noction usod n o wi NACA Labop and in conwtant from
Llnde Station 42,00 to the tip (Htation P1,00) The blade han

noconmtant chord of 1t anches and fncorporntos n spanwine wanlh:
out of 0,007 degreen per dnch of wmpan,

10§




e core tn of bamtnnted maplo and dw full chord at the butt
cnd, Tho teadl bing odige dn then tanered wo thnt at B0 peoroent
of the actual bhlado wpan the width of the mwpar td 40 porcent
O the chord moaruwrod fyom the Jondine odpe and romiines cons
ptant at thiw width to the tip,

AL o the tapor dn the mupar, the hilade profile bn obtintned
with laminstod nprdee and plywood riom wnd plywood wkin, A
JORO= I neh corvornton=renintant ntool doubler fu bondoed tnto
routod outepoction of the wpar from Hhtation 000 to Ltation
00 far added wtrength, A sdmilar LO0R0=inch nlninlosn=pnioe)
dedn e then bonded over the entive core and doub ler, completoly
covering the top and bottom parltiveons,

AL the bhutt end, Fiboprglnse rolention rotnloreing pade were
bhondod tnnide nnd outulde of both the upper and lower nurfncoews,
thur forming a wandwloh structure with the wteol wkin, A
michined wleel totentlon FEtiting wan sockeicd tnto the bilade

phank and mechantoenlly atthched with threoe L/Heinchedinmotop
ol Lw,

Fhe mpar tip wan redntorcod with Fihorg lbans cloth Lo glve wuay
port where matostinl had been removed for Lthe necommodnt bor of
the flap control mochantwm,  The mechanics ol the flap conirol
are unimportant to thin veport, and ttw dencription will therss=
fore be onttied,

The tip cap wierw a d=ply Mo, 18]l glamk=cloth tatring wiloh
onclomed the tip Fiteing, Ste mounting bolte, and control
mochisnimm pivots,  The cap win attached to the tip ittt

with sorews and  aw dentgned o reduce the turbulonce insocietod
with tip aitrflow,

Flape

T™he bumtc tlap (sketohed in Figure Vi=2) conmtintys of o  2h=inch
lamtnated btraoh plywood wpary with uprgee mpny cipu; J2h=tneh
Wprace Plbe; bireh plywood wpline; baminated wpruce nose block
(for retention canle); ,00d=1inch bireh plywood wkin that
covered an ,002«tnoh b roh plywood noso skin, which extended to
the wkpar aft odygo;, and laminated maple pad for mounting the
contead horn,

The flap e contrifugally rostrained by a stool tonsion armored
cableo whioh parpes through a hollow stud tn the flap nowe block,
through o tuannel In the blade spar, and attonchen to the blade
retention fltting, The stud nlwo werves as a pivol axim for
the tnboavd flap bearing (radital) which s houwed In the wpar,
Control motionw of the tlap are pormitted by elawtic twiswt of
the retention cable,
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AL the outhonrd ond, n wecond wtud tx bondod tnto the flnp nnd
bs uned amw the pivot axis for the outhonrd radiad lwln‘ll\u\. The
outhbonrd benring du houwed dn an alumtnum tip Fitting that iw
bolted to the biade, The attaching bolt thrend tnto motalldie
chmorten which nre burted In the wpar,

The tlap beaving houstings are Lined with phenodte bunhings,
thur allowing the tiap to flont axtally under the contettiaen)
Fleld while betng resteatned ant the batt ond by She cable, In
thiw manner, high local londy Fron the Tlap wee avolded at e
hlnde tip

Control moments are tntroduced by a crank nem holted to the
outboard end of the flap through nhin pade and shonr hiloel
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